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GENERAL INTRODUCTION 
"Everyone knows what attention is. It is the taking possession by the mind, in clear 
and vivid form, of one out of what seem several simultaneously possible objects or trains of 
thought" (James, 1890, p. 381). 
Selective attention refers to the phenomenon that some environmental stimuli 
undergo more processing than others. Those stimuli receiving "more" processing can be 
described as being selectively attended. As pointed out by W. A. Johnston and Dark (1986) 
in their review of the selective attention literature, most theories of selective attention can be 
classified as dual-process models of human information processing (e.g.. Cowan. 1988; 
Hoffinan. 1979: Posner & Snyder. 1975a; Shif&in & Schneider. 1977). which suggest that 
the extra processing received by attended stimuli differs qualitatively from the processing 
received by unattended stimuli. Such stage models propose two qualitatively distinct modes 
of processing: automatic (preattentive) processing and controlled processing. Selective 
attention occurs when some stimuli in the automatic stage are selected by an attention 
mechanism into the controlled stage to receive "more" processing. The spotlight metaphor 
embodies the nature of the attentional mechanism in many of these models: Attention is 
assumed to be directed toward objects and locations in space such that the processing of 
stimuli within the spotlight is amplified. Because selection is caused as a result of the 
direction of attention. W. A. Johnston and Dark (1986) referred to these models as cause 
theories of attention. 
There are important differences among specific dual-process models; however, some 
general statements about the approach can be made. In general, dual-process models of 
human information processing suggest that all stimuli receive automatic processing but a 
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selected subset of stimuli is passed on to the limited capacity (working memory-) system 
where attentional or controlled processing occurs. The two modes of processing are assumed 
to differ in that automatic processing is effortless, involuntary, unconscious processing that is 
not constrained by the capacity limitations of working memory whereas controlled 
processing is voluntary, effortful processing that can lead to conscious awareness and that 
seems to occur in a serial fashion because it is constrained by the capacity limitations of 
working memory. 
Although dual-process models dominate the field of attention. W. A. Johnston and 
Dark (1986) also noted a few exceptions to this modal view. These exceptions suggested that 
the difference between the processing received by attended and unattended stimuli was one 
of quantity rather than quality (e.g.. Hochberg, 1978; James. 1890; Neisser. 1967; see also 
Dark. Vochatzer, & VanVoorhis. 1996; Desimone & Duncan. 1995). The view (referred to 
as ejfect theory by W. A. Johnston & Dark. 1986) describes selective attention as a by­
product of priming rather than a mechanism specialized in passing some stimuli from one 
stage of processing to the next as assumed by the cause theories comprising the dual-process 
approach. Neisser's (1967) perceptual cycle is an example of an effect theory of selective 
attention. Neisser (1967) suggested that the amount of processing that is received by each of 
the many stimuli available at any moment is determined by the degree to which that stimulus 
"fits" with the current state of the information processing system. That is, the current system 
has some active schemata or expectancies that bias, or prime, it towards certain 
environmental stimuli. Neisser suggested that primed stimuli that match the current state of 
the system receive more processing and, as a resiUt, are selectively attended. 
Both of these types of theories have been used to explain "attentional" phenomena. 
J 
The purpose of the current research was to begin to link these two views by examining the 
similarities and differences between the phenomena that have been used to support each. 
Specifically, the purpose of the present research was to examine the characteristics of 
attentional selection via semantic priming and to compare and contrast those characteristics 
with the characteristics of attentional selection via spatial location. 
Dissertation Organization 
Five experiments were conducted in order to examine the characteristics of selectivity-
via semantic priming: They comprise the bulk of this dissertation. The experiments are 
prefaced with a selective review of the background literature and then each experiment is 
presented separately. Each experiment begins with an introduction to the specific question 
addressed by the research design, followed by a description of the method used, the results 
obtained, and a discussion of the results. Following the five experiments is a general 
conclusions section that ties the results together and discusses their theoretical implications. 
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BACKGROUND LITERATURE 
The Cocktail-Partv Phenomenon: Goal-Directed and Stimulus-Driven Control of Attention 
The "cocktail-party phenomenon" described by Cherry (1953) captures two aspects of 
selective attention that have been of interest to both the dual-process theorists and the 
priming theorists. The "cocktail-party phenomenon" refers to the fact that one can engage in 
a conversation (perhaps at a cash bar) and in doing so be seemingly unaware of the other 
nearby conversations. The engagement-in-a-conversation aspect of the phenomenon 
demonstrates both the abilitv" to focus attention on one source of information at the exclusion 
of others, and the voluntary or intentional nature of attentional selectivity. While one is 
seemingly oblivious to the goings-on in the nearby conversations, one will sometimes 
become aware of important information, for example one's own name, in those nearby 
conversations. The switch-to-another-conversation aspect of the phenomenon demonstrates 
the involuntary nature of attentional selectivity. Thus, the "cocktail-party phenomenon" 
illustrates the fact that, for auditory information, attention can be directed voluntarily to task-
relevant stimuli but also can be captured involuntarily by certain important stimuli. 
The voluntary and involuntary aspects of visual selective attention also have been 
examined; much of the work has been guided by the dual-process framework. Researchers 
have distinguished between two loci of control of visual spatial attention (see Jonides. 1981; 
Posner, 1980). Specifically, the loci of control map onto the type of processing needed to 
shift attention, either limited-capacity (controlled) processing or automatic processing. Goal-
directed control of attention (also known as endogenous or top-down control) reflects the 
influence of the observer's intentions and goals, the task instructions/requirements, and 
expectancy. Goal-directed shifts of attention require controlled processing. Stimulus-driven 
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control of attention (also known as exogenous or bottom-up control") is based on the physical 
properties of the stimulus and occurs independently of any goal-based or intentional set. 
Stimulus-driven control of attention occurs when attention is "captured" by a stimulus 
property that is task-irrelevant (i.e.. a property that is not part of the intentional set). 
Stimulus-driven shifts of attention are automatic. 
Characteristics of Automaticitv 
In the context of a dual-processing model, selective attention is the result of directing 
attention to some stimuli and not to others. The difference between goal-directed and 
stimulus-driven control of attention reflects the extent to which the shift of attention is 
accomplished via a controlled process versus an automatic process. Thus, distinguishing 
between a shift of attention brought about by goal-directed versus stimulus-driven control 
hinges on determining whether or not the shift occurred automatically. In order to identify 
whether something is automatic, a number of characteristics of automatic processes have 
been identified (Carr. 1992; Hasher & Zacks. 1979; Jonides, 1981; Kahneman & Treisman. 
1984; Logan, 1988; Shif&in & Schneider. 1977; Yantis & Jonides. 1984. 1990). 
Two of the most widely cited criteria diagnostic of automaticity are the load-
insensitivity criterion and the intentionality criterion (Jonides. Naveh-Benjamin. & Palmer. 
1985; Pahner & Jonides, 1988; Schneider, Dumais, & Shiffrin, 1984; Yantis & Jonides, 
1984; 1990). According to the load-insensitivity criterion, an automatic process does not 
require limited capacity resources. In other words, it is not affected by either perceptual load 
(e.g., the number of stimuli in the environment) or cognitive load (e.g., the amount of 
information being held in working memory). Thus, a process satisfies the load-insensitivity 
criterion of automaticity if it is (relatively) unaffected by variations in load. According to the 
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intentionality criterion, an automatic process is unaffected by the observer's intentions, task 
demands, or expectancies. In other words, an automatic process occurs independently of 
whether the observer initiates it voluntarily, is trying to suppress it. or is trying to perform 
some other process. Thus, a process satisfies the intentionality criterion of automaticity if it 
is (relatively) unaffected by the observer's intentions. 
Control of Spatial Attention 
The extent to which selective attention depends on goal-directed and stimulus-driven 
shifts of attention has been examined in a number of empirical paradigms. Of interest here is 
the visxial search task. In the visual search task (Jonides. 1981; Jonides & Gleitman. 1972: 
Treisman & Gelade. 1980; Yantis & Jonides. 1984). the obsei'ver is presented a multielement 
stimulus display and the task is to make a binary classification response (either 
presence/absence or categorization). The total ntmiber of stimulus elements making up the 
display defines the perceptual load. It is generally assumed that the target response requires 
attentional processing of the target (or of its absence), so target responses require that spatial 
attention be focused on the target. A key characteristic of the search task is that because the 
target could occur in any location, the best strategy for the observer to adopt is one in which 
spatial attention is diffuse (Eriksen & Yeh, 1985). 
A typical finding in a visual search task is a load effect in which response latency 
increases and/or response accuracy decreases as perceptual load increases (e.g., Eriksen & 
Spencer. 1969; Treisman & Gelade, 1980). The load effect originally was interpreted as 
demonstrating serial visual search through each of the stimuli in the display and the search 
was assimied to required attention. Note, the load effects also can be explained by an 
attentionally demanding, parallel visual search in which all stimuli in the display are 
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processed simultaneously: Because processing resources are limited and must be divided 
among all the stimuli, the more stimuli there are in the display, the longer processing will 
take, however, distinguishing between serial visual search and parallel visual search is 
beyond the scope of this project (see Townsend, 1990). For ease of exposition, it is assumed 
that detection of the target (or its absence) requires searching through the display elements 
and determining whether each is the target. The search continues until the target is found or 
all possible stimuli have been exhausted (Yantis & Jonides. 1984). Because attention is 
directed in a (functionally) serial fashion to each stimulus, the greater the load the longer it 
takes to complete the search. 
Central Versus Peripheral Cues 
Direction of attention in multielement display has been examined in a cueing 
paradigm. In the cueing paradigm, a location cue is used to direct spatial attention to a target 
location in advance of the stimulus presentation. Results typically show that detection of the 
target is faster and more accurate for cued targets than for imcued targets (Posner. 1980). 
Jonides (1981) distinguished between two types of cues that can be used to direct attention to 
the target location: central cues and peripheral cues. The two types of cues differ in terms of 
whether they produce a goal-directed or a stimulus-driven shift of attention. A central cue, 
for example an arrowhead presented at fixation that points toward a possible target location, 
shifts attention because the observer chooses to interpret the cue and focus spatial attention 
on the cued location. Thus, central cues lead to the voluntary, goal-directed shifts of spatial 
attention. An abrupt-onset peripheral cue, for example an arrowhead abruptly occurring in 
the periphery near a possible target location, shifts attention because it possesses some 
property to which the system is attuned that automatically shifts spatial attention. Thus. 
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abrupt-onset peripheral cues lead to the involuntary, stimulus-driven shifts of spatial 
attention. Note that the cues typically are presented when the participant was not currently 
processing any information and when the location of the target is uncertain. 
Jonides (1981) supported his conclusions about the qualitative difference between 
central and peripheral cues by examining each in accord with the criteria for automaticit\-. 
Jonides used a cueing task in which one of eight stimulus locations was cued by either a 
central arrow cue or a peripheral arrow cue. Targets were defined in terms of letter identit\ 
and on each trial, participants made a binary discrimination as to which of two targets was 
present. The critical manipulation was the extent to which the central cues and peripheral 
cues correctly indicated the target. On the 70% of trials in which the cue correctly indicated 
the target location, the cue was described as valid. On the 30% of the trials in which the cue 
incorrectly indicated a distractor location, the cue was described as invalid. Thus, the extent 
to which the cue (either central or peripheral) was shifting spatial attention could be 
measured by the difference in response latency to the target on invalid trials relative to valid 
trials. 
To determine whether shifts of spatial attention produced by central cues and 
peripheral cues met the load-insensitivity criterion, participants performed a target search in 
the cueing task under varying levels of cognitive load (Jonides, 1981). Cognitive load was 
manipulated by requiring participants to perform a memory task that varied in difficulty 
concurrently with the cueing task. Specifically, participants were to perform the cueing task 
while remembering either 3, 5, or 7 digits for recall following the target discrimination in the 
search task. Results supported the idea that peripheral cues automatically capture attention 
because the difference between invalid and valid cues did not vary as a function the level of 
9 
concurrent cognitive load. The difference between invalid and valid cues with central cues, 
however, diminished as cognitive load increased, reflecting the fact that both the memor\' 
task and the use of the central cues involved limited-capacity attentional processing. Thus, 
only the results for the peripheral cues and not the central cues satisfied the load-insensiiivit\-
criterion of automaticity. suggesting that peripheral cues produce an automatic, stimulus-
driven shift of attention.' 
Jonides (1981) also investigated whether or not peripheral cueing satisfied the 
intentionality criterion of automaticity in two subsequent experiments. In the first 
experiment, intentionality was defined as whether the central cues and the peripheral cues 
could be ignored. Results showed that participants who were told that the cues were 
uninformative were able to ignore the central cues but were unable to ignore the peripheral 
cues. In the second experiment, intentionality was defined in terms of the participant's 
expectations about whether a central cue or a peripheral cue would be presented; participants 
were biased to expect one or the other type of cue. Jonides reasoned that the effectiveness of 
a cue producing an automatic shift of attention would be unaffected by changes in 
expectancy. Results showed that the shift of attention produced by a peripheral cue but not a 
central cue was insensitive to variations in expectancy, suggesting that peripheral cues 
capture spatial attention automatically whereas central cues produce capacity-demanding 
shifts of spatial attention. 
Additional evidence that central and peripheral cues are qualitatively different comes 
from Miiller and Rabbitt (1989) who demonstrated a different time course for the effective 
use of central and peripheral cues. Central cues produced the largest cueing effects at cue-
target stimulus onset asynchronies (SOAs)of 200-400 msec whereas peripheral cues were 
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most effective at cue-target SOAs of 100-150 msec. Further, neuropsychological data 
suggest that two separate brain regions may be involved in the use of central versus 
peripheral cues (Banich, 1997). Specifically, the frontal eye fields (firontal lobe) are recruited 
during voluntary control of eye movements that might be related to the use of central cues. 
The superior coliiculus is recruited during involuntary eye movements that bring peripheral 
stimuli into foveal vision as might be related to the use of peripheral cues. 
Abrupt-Onset Versus Non-Abrupt-Onset Targets 
Direction of attention in a visual search task also has been examined by determining 
the stimulus properties that automatically attract attention. Specifically, the question is what 
stimulus attributes produce stimulus-driven shifts of attention in the absence of voluntary-, 
goal-directed orienting (see Jonides & Yantis. 1988; Yantis & Jonides. 1984. 1990). Yantis 
and Jonides (1984, 1990) provided evidence that abrupt-onset is a property that automatically 
captures attention. A stimulus is said to have an abrupt onset if it appears suddenly in an 
otherwise static display. Yzuitis and Jonides examined the load-insensitivity criterion of 
automaticity in a search task employing displays of either two or four letters. All displays 
consisted of a single abrupt-onset stimulus and one or more non-abrupt-onset stimuli. The 
non-abrupt-onset stimuli were created by presenting a block-style figure eight as a 
placeholder and then removing pixels from the placeholders over several epochs to form 
letters: Rather than gradually coming into view, the abrupt-onset stimuli appeared abmptly. 
in a location not occupied by a placeholder. Yantis and Jonides (1984) reasoned that if 
abrupt-onset stimuli automatically capture attention, there should not be a load effect when 
the target was an abrupt-onset letter but there should be a load effect when the target was a 
non-abrupt-onset letter. That is, if the shift of spatial attention to the abrupt-onset stimulus 
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occurs automatically, search time should not depend on the number of distractors in the 
display when the abrupt onset is the target, because the target will be the first stimulus 
attended and no search will be necessary. When the abrupt-onset stimulus is a distractor. 
however, the distractor will be processed first and rejected, then capacity-demanding shifts of 
attention should occur until the target is located. The more stimuli in the environment, the 
larger the decrement in performance (either because spatial attention will be shifted serially 
to each stimulus location or because there will be fewer resources available to each stimulus 
in a parallel search, see Townsend 1990). The data supported these predictions, suggesting 
that abrupt-onset is a special stimulus characteristic that automatically captures attention. 
Jonides and Yantis (1988) replicated this finding in a study that examined loads of 3, 5 and 7 
items and found ±e expected linear increase in search latencies for non-abrupt-onset targets 
(abrupt-onset distractors) but no such increase for abrupt-onset targets (non-abrupt-onset 
distractors). Abrupt-onset stimuli appear to automatically capture attention according to the 
load-insensitivity criterion. 
Yantis and Jonides (1990) fiirther examined the extent to which abrupt-onset stimuli 
automatically capture attention in a series of studies aimed at testing the intentionality 
criterion of automaticity. A cueing task was employed in which central cues were used to 
produce a goal-directed shift of attention to a possible target location 200 msec before the 
display presentation. If abrupt-onset stimuli automatically capture attention, target detection 
should be enhanced if the target is the abrupt-onset stimulus and should be hindered if a 
distractor is the abrupt-onset stimulus. Targets were defined in terms of letter identity and 
the central cues were valid on 80% of the trials. If abrupt-onset targets automatically capture 
attention by the intentionality criterion, then there should be no effect on performance when 
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the central cue is invalid. That is, even though the participant would be focused at the cued 
location and intending to process the stimulus at that location, the abrupt-onset should 
capture attention making the target the first stimulus processed regardless of the participant's 
intention. 
Yantis and Jonides (1990) found that abrupt-onset stimuli did not capture anention in 
this situation; that is, performance was worse for invalidly cued abrupt-onset targets, 
indicating that once spatial attention had been pre-focused on the basis of the central cue. it 
was not automatically redirected to the abrupt-onset stimulus when it occurred. The results 
showed that goal-directed attentional orienting via the central cues can override stimulus-
driven capture of attention by abrupt-onset stimuli if the goal-directed shift of attention is 
completed before the abrupt-onset stimulus occurs (see Bacon & Egeth. 1994). Thus, abrupt-
onset as a stimulus attribute that produces stimulus-driven shifts of attention failed to meet 
the intentionality criterion of automaticity (although see Yantis & Jonides. 1990 for a critical 
evaluation of the intentionality criterion). 
Control of Attention bv Conceptual Stimulus Attributes 
The research reviewed thus far has all been couched within the "cause view" of 
attention in which selection occurs as the result of directing spatial attention to a stimulus. 
The emphasis changes in the research described in this section to research in which attention 
is identified more closely with selection per se than with selection via spatial attention. 
Some, but not all. of the research is couched within the "effect view" of attention. 
Novel Popout 
The ability of various physical stimulus attributes to attract attention has received 
much empirical consideration (e.g.. Folk, Remington, & Johnston, 1992; Yantis. 1993; 
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Yantis & Jonides. 1984.1990), but recent work also has begun to investigate the anention 
attracting properties of more conceptual stimulus attributes (e.g.. Dark & Schmidt. 1998; 
Dark et al.. 1996; Hawley, Johnston, & Famham. 1994; W. A. Johnston & Hawley. 1994; W. 
A. Johnston. Hawley, & Famham, 1993; Jonides & Gleitman, 1972; Schwarting & Johnston, 
in press). For example, the novel-popout phenomenon has been interpreted as evidence that 
conceptual attributes such as novelty attract attention (Hawley et al.. 1994; W. A. Johnston & 
Hawley. 1994). Novel-popout occurs when a novel word embedded among familiar words 
(where familiarity is defined in terms of the number of times a word is repeated within an 
experimental session) is localized more accurately than is a novel word embedded among 
other novel words (e.g.. W. A. Johnston & Hawley. 1994). The increase in localization 
accuracy for novel words in an experimentally familiar context is taken as evidence that 
novel, unexpected stimuli attract attention. 
A similar finding was reported by Dewitt (1994) for semantically primed words. The 
phenomenon of semantic priming is that a target word (e.g.. NURSE) preceded by a 
semantically related prime word (e.g., DOCTOR) is responded to faster and more accurately 
than when it is preceded by an unrelated prime word (e.g., TABLE; see Neely. 1990). 
Dewitt reported that a nonprimed word among primed words was localized more accurately 
than a nonprimed word among other nonprimed words (nonprimed-popout). She interpreted 
the results as showing that a conceptually distinct stimulus (defined as the stimulus not 
related to the others) could attract attention. The novel-popout and nonprimed-popout 
phenomena have been interpreted as evidence that unexpected word stimuli capture attention. 
The finding is important because it suggests that conceptual attributes of a stimulus can bring 
about involuntary shifts of attention that bear a resemblance to the stimulus-driven shifts 
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observed for abrupt-onset stimuli. It is unclear whether or not the popout effects would 
satisfy the criteria for automaticity. however. 
Semantic Selectivity 
In contrast to the novel and nonprimed-popout effects that suggest that unexpected 
stimuli attract attention. Dark et al. (1996) suggested that semantically primed words, which 
are in some sense "expected," attract attention in that they are selectively processed (i.e.. they 
are reported at a higher rate than unprimed words). They examined the effects of semantic 
relatedness on selective processing of words by looking at word identification accuracy for 
briefly presented (100 msec), backward-masked word pairs that were preceded by a 
semantically related prime word on 1/3 of the trials and by either an unrelated prime word or 
a consonant string on the remaining trials. In the first experiment, participants were to report 
both words in the pair, but because of the data-limited display parameters (viz.. 100 msec 
display duration and backward masking) typically only one of the words in the word pair 
could be reported. The results showed that reported words were more often words related to 
the prime, reflecting attentional selectivity via semantic priming (i.e.. semantic selectivit\'). 
In the second experiment. Dark et al. (1996) assessed the degree to which a peripheral 
cue would influence semantic selectivity. They found that words preceded by a 50 msec 
abrupt-onset peripheral arrowhead cue were reported more than uncued words, but. semantic 
selectivity remained. That is, more cued than uncued words were reported and more related 
than unrelated words were reported. Further, the two types of selectivity did not interact. 
Thus, in two experiments. Dark et al. (1996) found evidence for an involimtary attentional 
selectivity (under conditions in which attention should be initially diffuse) brought about by 
semantic relatedness. In both experiments, selection via relatedness was assumed to be 
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involuntary because the task was to report both words. 
In the third experiment task instructions were changed so that the task was to report 
the cued word, making it a focused attention task. The results were the same as before. 
Related words were reported more often than unrelated words and cued words were reponed 
more often than uncued words. Thus, even when instructions were to try to focus attention 
on and to report the cued word, in many cases, attention was unintentionally shifted to the 
semantically related word. The effects of cueing and relatedness in the Dark et al. study were 
independent and therefore were interpreted in terms of two attentional selection mechanisms: 
a spatial mechanism and a semantic priming mechanism. 
Intention and Selection Via Spatial Cues and Semantic Priming. 
Dark and Schmidt (1998) investigated the intentional use of both spatial peripheral 
cues and semantic relatedness. They modified the procedure of Dark et al. (1996) so that 
both a related prime and a spatial cue were presented on each trial. Thus, on each trial one 
word was semantically primed and one was unprimed and one word was spatially cued and 
one was not cued. On a given trial the target (or the to-be-reported word in the pair) could be 
either a related-cued word, a related-uncued word, an unrelated-cued word, or an unrelated-
uncued word. Targets were defined as the "related word" for one group of participants and as 
the "cued word" for another group of participants. Participants in the related group were 
trying to use relatedness for selection, whereas, participants in the cued group were trying to 
use the cues for selection. Dark and Schmidt assimied that any effect of cueing in the related 
group was unintentional and that the effect of relatedness in the related group was both 
intentional and unintentional. Similarly, they assumed that any effect of relatedness in the 
cued group was unintentional and that the effect of cueing in the cued group was both 
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intentional and unintentional. The intentional effects of cueing and relatedness were 
measured by comparing selectivity via each variable to selectivity in a diffuse-attention 
baseline, in which participants were instructed to report both words. In the report-both 
baseline, any selectivity in the report of cued words over uncued words (spatial selectivity) or 
in the report of related words over unrelated words (semantic selectivity) was assumed to be 
unintentional. 
Dark and Schmidt (1998) found an increase (relative to the report-both baseline) in 
the report of related words in the related group, suggesting that selection via semantic 
priming was enhanced by intentional selectivity. Further, diey found an increase (relative to 
the report-both baseline) in the report of cued words in the cued group, suggesting that 
selection via spatial cueing was enhanced by intentional selectivity. Equally important was 
the finding that both variables also influenced selectivity unintentionally. Specifically, 
semantic selectivity was found in the cued group and it was equivalent in magnitude to that 
found in the report-both baseline and spatial selectivity was found in the related group and it 
was equivalent in magnitude to that found in the report-both baseline. The findings 
suggested that both relatedness and cueing operate to produce selective processing even 
when task instructions emphasize the selectivity for the other variable. 
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SEMANTIC SELECTIVITY ElEFLECTS AUTOMATIC PROCESSES BUT NOT 
AUTOMATIC CAPTURE OF SPATIAL ATTENTION. 
"When there are multiple stimuli [in the environment] and some of the stimuli 
undergo more processing than others, the stimuli receiving more processing have been 
selectively attended" (Dark et ai. 1996, p. 63). 
The current research was motivated by the fact that selective processing is influenced 
by semantic relatedness. Semantic selectivity, defined as a benefit in processing linguistic 
stimuli that have been semantically primed (see Neely. 1990. for a review of the semantic 
priming literature), has been demonstrated in identification tasks (Dark & Schmidt. 1998: 
Dark et al.. 1996; Schwarting & Johnston, in press), in localization tasks (W. A. Johnston & 
Hawley. 1994). in semantic cueing tasks (Stolz, 1996). and in categorical search tasks 
fJonides & Gleitman. 1972). 
Dark et al. (1996) examined the effects of semantic relatedness on selective 
processing of words by looking at word identification accuracy for briefly presented 
backward-masked word pairs in which either one or none of the words had been semantically 
primed by a context word that preceded the word pair. Participants were instructed to report 
both words in the pair, but because of the data-limited display parameters, typically only one 
of the words in the word pair could be reported; that is, the data limitations forced selective 
processing. The results showed that semantically primed words were reported more often 
than unprimed words, reflecting semantic selectivity. Because semantic relatedness was a 
task-irrelevant characteristic of the words, in that relatedness did not define targets. Dark et 
al. suggested that the semantic selectivity reflected an involuntary shift of attention. 
As the phenomenon of semantic selectivity has become more widely established, it 
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has become apparent that the nature of semantic selectivity (i.e.. its characteristics) is not 
well understood. Thus, the current research was designed to examine the mechanism by 
which semantic selectivity is accomplished. The specific questions addressed were guided 
by the research on spatial selectivity that proposes two mechanisms for controlling (shifting) 
spatial attention: a goal-directed mechanism and a stimulus-driven mechanism. 
Literature Overview 
Control of Spatial Attention 
Goal-directed shifts of spatial attention are assumed to be under the voluntary control 
of the observer. Selectivity based on the intentional use of a symbolic stimulus (e.g., a 
central arrow cue presented at fixation that points toward a probable target location) or on 
task demands (instructions, expectancies) reflects goal-directed control of spatial attention. 
Stimulus-driven shifts of spatial attention are assumed to be under the control of the 
environment. Selectivity that is involimtary and due to the state of the environment rather 
than the state of the observer, like the unintentional benefit in processing either a stimulus 
indicated by a peripheral cue or a stimulus that appears abruptly in an otherwise static 
display, reflects stimulus-driven control of spatial attention. 
One way in which the operation of the goal-directed and stimulus-driven mechanisms 
has been observed is by using the cueing paradigm (Posner, 1980) in which a possible target 
location is cued in advance of the target display. In a cueing task, a shift of spatial attention 
is inferred firom evidence that there is a benefit (relative to baseline) in responding to the 
target when it occurs at the cued location (valid trials) whereas there is a cost (relative to 
baseline) in responding to the target when it occurs at an uncued location (invalid trials). 
Jonides (1981) demonstrated that the benefit of valid central cues over invalid central cues 
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depended on information load (i.e.. available capacity), but the benefit of valid peripheral 
cues over invalid peripheral cues did not. Further. Jonides showed that participants 
instructed to do so could ignore central cues but not peripheral cues. Jonides concluded that 
central cues operate via a limited-capacity system to produce goal-directed shifts of spatial 
attention, whereas peripheral cues automatically capture attention causing a stiraulus-dri\ en 
shift of spatial attention. Yantis and colleagues (Jonides & Yantis. 1988; Yantis & Jonides. 
1984) have strengthened the claim by showing that abrupt-onset targets also automatically 
capture spatial attention. 
The extant data suggest that spatial selectivity can be produced either by a capacity-
demanding (goal-directed) mechanism or by an automatic mechanism; thus, an important 
question to answer about the nature of semantic selectivity is whether it reflects an automatic 
process. Before turning to the issue of how semantic selectivity might operate automatically, 
it is necessary to define automaticity. 
Defining Automaticitv 
There is general agreement that automatic processes are not capacity (or resource ) 
demanding in that they are insensitive to variations in information load and that they are not 
influenced by the observer's intentions or the task demands (Hasher & Zacks, 1979: Jonides. 
Naveh-Benjamin, & Palmer, 1985; fCahneman & Treisman, 1984; Logan, 1988; Regan. 
1981; Schneider, Dumais, & Shiffiin, 1984; Yantis & Jonides, 1990). When a process has 
the former characteristic, it meets the load-insemitvvity criterion and when a process has the 
later characteristic, it meets the intentionality criterion. Although there is agreement that 
automatic processes should not be influenced by the observer's intentions, the intentionality 
criterion has been operationalized in a number of ways. Researchers have defined the 
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intentionality criterion as whether the process is initiated voluntarily (see Jonides. 1981: 
Regan. 1981), whether the process can be suppressed (Jonides. 1981: Remington. Johnston. 
& Yantis, 1992). whether the process is affected by expectancy (Tepin & Dark. 1992: 
Warner. Juola. & Koshino. 1990), and whether the process occurs even when spatial 
anention is focused somewhere else (Theeuwes. 1991: Yantis & Jonides. 1990). The last 
operational definition is a special case of the intentionality criterion that will be hereafter 
referred to as the focused-attention criterion. 
A candidate "automatic" process may not satisfy the intentionality criterion in all of 
its forms. For example, the process that produces spatial selectivity via peripheral cues is 
involuntary and cannot be suppressed (e.g., Jonides. 1981). but it is influenced by expectancy 
(Folk, Remington, & Johnston- 1992; Tepin & Dark. 1992: Warner et al.. 1990) and by 
semantic context (Stolz, 1996). Likewise, the process that produces spatial selectivity via 
abrupt-onset targets is involuntary (e.g., Jonides & Yantis. 1988) but it is influenced by 
whether the observer intends to engage in some other processing (Theeuwes. 1991: Yantis & 
Jonides. 1990; see also Bacon & Egeth. 1994). 
Kahneman and Treisman (1984) defined several points along a continuum of levels of 
automaticity. At one endpoint were strongly automatic processes that are neither helped nor 
hindered by the availability of limited-capacity resources. At the other endpoint were 
nonautomatic processes that depend entirely on limit-capacity resources. In the middle of 
the continuum were partially automatic processes that can be helped by limited-capacity 
resources but are not hindered by the lack of limited-capacity resources. Processes that meet 
some, but not all, of the criteria for automaticity are thought to be partially automatic; thus, 
the process of shifting spatial attention in response to a peripheral cue is partially automatic. 
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In fact, it is difficult to identify any processes in the literature that are strongly automatic 
(Schneider et al.. 1984). 
Past research has shown that the process that produces semantic selectivity- met the 
intentionality criterion as defined by involimtariness (Dark & Schmidt. 1998; Dark et al.. 
1996). suggesting that the semantic selection mechanism might operate at least partially 
automatically in much the same way as peripheral cues and abrupt-onset targets operate. Of 
interest then, is whether semantic selectivity is strongly automatic, partially automatic, or not 
automatic. 
Explanations of Semantic Selectivity 
There are several ways in which a process like semantic relatedness can automatically 
influence selectivity and three were considered. 
Automatic Capture. The automatic capture explanation assumes that semantic 
relatedness, as a stimulus attribute, produces an automatic, stimulus-driven shift of spatial 
attention toward related stimuli such that they are processed with priority. In other words, if 
there is a semantically primed stimulus in a display, spatial attention shifts to it first. 
Because the shift is assumed to occur automatically, it is involuntary and does not require 
capacity. In this view, semantic relatedness functions like the automatic attention response 
described by Shiffnn and Schneider (1977). This view assumes that the information 
processing system is set to give processing priority to semantically related stimuli. An 
analogous account has been used to explain the effect of abrupt-onset stimuli (see Jonides & 
Yantis, 1988; Yantis, 1993; Yantis & Jonides, 1984, 1990). 
To the extent that semantic relatedness automatically captures spatial attention, 
performance on a visual search task should depend upon whether or not the target has been 
semantically primed: If the target is a semantically primed stimulus, then a quick/accurate 
response can be made because no search is necessary; however, if the target is not a 
semantically primed stimulus but a semantically primed distractor is presenL then the target 
will be processed later because the semantically primed stimulus will be processed first (and 
rejected because it is not the target). In this case, spatial attention must be shifted voluntarily 
to each of the other stimuli until the target is located. 
Capacity-Demanding Shift. The capacity-demanding shift explanation assumes that 
semantic relatedness does not capture spatial attention but that it does influence where spatial 
attention is directed. Like the automatic capture explanation, this view assumes ±at spatial 
attention is shifted to semantically primed stimuli, buL the capacity-demanding shift 
explanation assumes that this shift of spatial attention itself requires attentional resources to 
occur. In other words, semantic selectivity reflects the fact that semantically primed stimuli 
produce an obligatory, but capacity demanding shift in spatial attention (see W. A. Johnston 
& Heinz. 1978; Paap & Ogden. 1981). Such a shift of spatial attention would be obligatory 
only to the extent that limited-capacity resources were available to direct spatial attention to 
the semantically primed stimulus (of. Lavie, 1995). 
Both the capacity-demanding shift explanation and the automatic capture explanation 
assume that the deployment of spatial attention is prioritized such that semantically primed 
stimuli are attended first. Attention, according to both of these views, can be thought of as a 
spotlight that moves through space, enhancing the processing of stimuli within its focus 
(Cave & Wolfe, 1990; Eriksen & St. James, 1986; LaBerge & Brown, 1989; Shiffrin & 
Schneider, 1977; Treisman & Gelade. 1980). Thus, for both views, when the target is a 
semantically primed stimulus, responses should be made more quickly/accurately because no 
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search for the target is required; however, if the target is not a semantically primed stimulus 
but a semantically primed distractor is present then the target will be processed later because 
the semantically primed stimulus will be processed first. 
Automatic Process. Both the automatic capture explanation and the capacity-
demanding shift explanation assume that semantic selectivity reflects a shift in spatial 
attention to the location occupied by a semantically primed stimulus: The views differ in 
whether the shift requires limited-capacity processes (the capacity-demanding shift 
explanation) or whether the shift occurs automatically (the automatic capture explanation). 
The automatic process hypothesis also assiunes that semantic selectivity reflects automatic 
processing, however, it suggests that selectivity occurs without directly producing a shift of 
spatial attention. According to this view, semantic selectivity is an emergent property of the 
structure of the information processing system (Neisser. 1976; see also Desimone & Duncan. 
1995). Selection of semantically primed stimuli occurs because there is a match between die 
information in the environment and the current state of the information processing system. 
Because the information processing system is structured such that there are permanent links 
in memory among related concepts (e.g., Collins & Loftus, 1975; Posner & Snyder. 1975b). 
when a related prime is presented, activation from the mental representation of the prime 
spreads to these related concepts. This spread of activation biases the system to select 
information that matches the activation in the system (cf. Neisser, 1976). According to the 
automatic process explanation, to say that semantically primed stimuli are "selected" is 
simply to say that they are the most active. When the target is a semantically primed 
stimulus, responses should be made more qtiickly/accurately because the target will be the 
most active; that is, because of priming, the target will provide the best match between the 
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current state of the information processing system and the information available in the 
environment. The explanation says nothing about the movement of spatial attention and. 
therefore, does not predict any cost when the target is not the semantically primed stimulus. 
In fact, the view allows for the possibility that spatial selectivity and semantic selectivity 
reflect different stages of processing, suggesting more than one locus of selection (cf W. A. 
Johnston & Heinz. 1978). 
The Current Research 
A task in which the nature of semantic selectivity could be examined was developed 
in Experiment I. The automatic capture, capacity-demanding shift, and the automatic 
process explanations of how semantic selectivity might operate were considered in the four 
subsequent experiments: Experiments 2 and 4 evaluated semantic selectivitv- against the 
load-insensitivity criterion of automaticity and Experiments 3 and 5 evaluated semantic 
selectivity against the focused-attention criterion, a special case of the intentionality criterion. 
In each case, the pattern of main effects and interactions obtained was used to discriminate 
among the three explanations of semantic selectivity. 
Development of the Task 
The primary purpose of the current research was to examine the nature of semantic 
selectivity. The extant literature suggests some similarity between semantic selectivity and 
spatial selectivity, but the similarities and differences have not been well smdied. One of the 
factors contributing to the lack of comparison between spatial and semantic selectivity is the 
fact that the two have been smdied using different procedures and different dependent 
variables. Research examining shifts of attention produced by semantic relatedness has 
focused on reportability, or identification accuracy, under data-limited conditions whereas 
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research examining shifts of spatial attention has focused on the latency of a binary-
classification response to easily identified stimuli. Thus, it was desirable to develop a task 
that would 1) allow semantic selectivity to be evaluated against the load-insensitivit\' and 
focused-attention criteria in order to determine whether semantic selectivity reflects an 
automatic process, and 2) allow semantic selectivity to be assessed under conditions more 
comparable to those found in the spatial selectivity literature. To this end. a priming-search 
task was developed. 
A typical visual search task requires either a binary presence/absence judgment or a 
binary categorization response, but such a task does not allow the presentation of novel 
targets that is necessary to examine semantic priming. The following priming-search task 
was designed both I) to allow different words to be used on every trial while still having a 
target that is not defined in terms of either location or relatedness. and 2) to allow assessment 
of either accuracy or latency as the dependent variable. In the priming-search task, each 
search display (comprised of either two or four words in Experiments 2 and 4. and two words 
in E.xperiments 1.3. and 5) was preceded by a single target letter display followed by a prime 
word display. The task instructions were to name the word in the multi-word search display 
that began with a target search letter. For comparison with the existing semantic selectivity 
literature, the search displays employed in Experiments 1-3 were presented briefly and search 
displays were followed by a backward mask to produce the data-limited conditions in which 
reportability (perceptual accuracy) was used to diagnose automaticity. For comparison with 
the existing spatial selectivity literature, the search displays employed in Experiments 4 and 5 
remained in view until a response was made and the displays were not masked so that 
response latency was used to diagnose automaticity. 
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Experiment I 
The proposed priming-search task differs in a very important way from the word 
identification task used by Dark and colleagues (Dark & Schmidt. 1998; Dark et al.. 1996) in 
which the semantic selectivity has been previously observed. As described, the priming-
search task requires that the participant process a target letter followed by a prime word and 
finally by the search display. The target letter must be processed for the participant to know 
which word is the target, and it is this letter processing prior to prime processing that makes 
the priming-search task different from the task used by Dark and colleagues. Because a 
semantic selectivity has not been demonstrated under conditions in which letter processing is 
required prior to prime processing, Experiment 1 was designed to test whether the semantic 
facilitation effect would obtain. 
Why might the difference in procedure (i.e.. the presentation of a target letter that 
must be processed before the presentation of the prime) be important? Research has shown 
that semantic priming is reduced or eliminated when the task requires non-semantic 
processing (e.g., letter processing) of the prime (e.g.. Chiappe, Smith. & Besner. 1996; 
Smith, Theodore, & Franklin, 1983). For example, Chiappe et al. (1996) reported no 
evidence of semantic priming in a lexical decision task in which participants performed a 
letter search task on the prime word (e.g., DOCTOR- does it contain a T?). Although the 
proposed priming-search task requires no response to the prime, which participants are 
instructed to read, die procedure does require that participants process and remember a letter 
that is presented prior to the prime. The letter has to be remembered in order to identify the 
target in the search display. The fact that the participant is maintaining a letter in memory 
could interfere with conceptual processing of the prime either through a decrease in available 
27 
resources or through an emphasis on letter processing. Thus, the prime word may be 
processed differently in the priming-search task than in the task used by Dark and colleagues. 
If no semantic facilitation effect is found in the priming-search task, it cannot be used to 
examine the nature of semantic selectivity. 
Experiment I developed the priming-search task and tested whether a semantic 
selectivity could be obtained when letter processing precedes the prime. Using the priming-
search task, participants were instructed to report one of two briefly presented, backward-
masked words preceded by either a related or unrelated prime word. For purposes of this 
dissertation, one of the words in the pair is referred to as the associate and the other is 
referred to as the alternate. The associates and altemates comprise two separate word sets 
and one word from each set is presented in each word pair. The associate is the word in the 
briefly presented pair that cm be related to the prime whereas the alternate cannot be related 
to the prime. Whether or not the associate is related to the prime on a given trial depends on 
whether a related prime or an unrelated prime is presented. That is, the relatedness of a trial 
is manipulated by the nature of the prime word that is presented. In this way. each 
participant sees the same associate-alternate word pairs in the briefly presented search 
displays. What differs across participants is whether the prime that precedes a given 
associate-altemate pair is related or unrelated and whether the associate or the altemate is the 
to-be-reported target. 
The target is defined as the word in the search display that begins with the target 
letter and that was presented before the prime. The target letter that precedes each trial varies 
according to the specific associate-altemate pair that is presented; On half the trials, the 
associate is the target (and the altemate is the distractor) and on half the trials the altemate is 
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the target (and the associate is the distractor). Thus, the target could be the associate 
following a related prime, the alternate following a related prime, the associate following an 
unrelated prime, or the alternate following an unrelated prime. 
As can be seen in Figure 1, each trial consisted of three primary displays. First, a 
single letter was displayed, the letter was to-be-remembered because it defined the target in 
the upcoming word pair. Second- the target letter was followed by the prime word. No 
response was required to either the target letter or the prime word display. Third, the 
associate-alternate word pair was presented for 100 msec followed by a masking display. 
The participants' task was to name aloud as quickly and accurately as possible the word in 
the briefly presented pair that began with the target letter. The primary question in 
Experiment 1 was whether a semantic facilitation effect would be obtained; that is. the 
question was whether report of the associates would be facilitated on related trials relative to 
unrelated trials and whether report of the alternates would be inhibited on related trials 
relative to unrelated trials. As long as related words are reported more often than unrelated 
words in Experiment 1. any concerns that processing and remembering the target letter 
interferes with prime processing are minimal. 
Method 
Participants. Thirty-two undergraduate smdents from Iowa State University (26 
female and 6 male) received extra credit towards their grade in a psychology course for 
participating in this experiment. All smdents reported normal or corrected-to-normal vision 
and fluency in English. 
Stimuli. The stimulus words were those employed by Dark et al. (1996). 
Specifically, stimuli consisted of a set of 96 associatively related noun pairs referred to here 
n 
doctor 
++ 
nurse 
++ 
table 
XXXXXXXX 
++ 
XXXXXXXX 
mask until response 
100 msec search display 
300 msec fixation 
300 msec prime 
500 msec blank 
1000 msec target letter 
500 msec blank 
750 msec fixation 
Figure 1. Sequence of displays comprising a related, report the associate trial in lixperiment I. 
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as the related prime and the associate, a set of 96 words referred to here as alternates, and a 
set of 96 unrelated primes. Dark et al.'s word stimuli included 60 related-prime/associate 
pairs that were generated by supplying participants with the related-prime and asking them to 
generate another word (the associate) that would make someone think of the related prime 
(e.g.. NIECE-NEPHEW. PLANET-EARTH). The remaining 36 related prime/associate 
pairs were synonyms and antonyms. For each associate, a matched alternate was chosen from 
the Kucera and Francis (1967) word norms that had approximately the same number of 
letters, the same beginning letter, and approximately the same frequency as the associate 
(e.g.. NEPHEW-NUTMEG. EARTH-EDGE). For each related prime, an unrelated prime 
was chosen in the same way. Thus, the word stimuli actually were comprised of quadruples 
consisting of a related prime, an unrelated prime, an associate, and an alternate. Neither the 
altemate nor the unrelated prime was semantically related to either the related prime or the 
associate. The 96 alternates were then randomly exchanged so that the alternate and 
associate presented on a given trial began with different initial letters and were not 
semantically related. See Appendix .A. for a list of the stimuli. 
There were eight types of trials determined by whether the related prime or the 
unrelated prime was presented, by whether the target (defined by the target letter) was the 
associate or the altemate, and by whether the target appeared above or below fixation. The 
type of trial on which a given associate-altemate pair was presented was completely 
counterbalanced over every eight participants. 
Apparatus. Presentation of stimuli and recording of response latency was controlled 
by a 386 computer programmed with the MicroExperimental Laboratory (MEL) software 
(Schneider, 1988). Response latencies were collected using a condenser microphone and 
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response box. An experimenter recorded the accuracy of the responses. .A. VGA color 
monitor was used to display the stimuli in white against a black backgroimd. All stimuli 
were printed in standard lower case letters in the default MEL font. 
Procedure. There were 12 blocks of eight trials with each type of trial occurring once 
per block. The order of the eight trials within a block was random for each participant. The 
structure of a trial was presented in Figure 1. The prime-word pair SO A was 600 msec. The 
intertrial interval was 6000 msec. 
Participants were instructed to read the target letter because they would use it to 
determine the target in an upcoming display. They also were instructed to read the prime, but 
they were told that they did not have to respond to it because it was important for other 
conditions of the experiment. Participants were instructed to try their best to report the word 
in the briefly presented word pair that began with the target letter. They also were instructed 
that if they saw the distractor (the "other" word) in addition to or instead of the target, they 
should report it but that they should indicate that it was the "other" word. There were two 
participant-terminated rest periods during the (approximately) 30 minute experimental 
session. 
Results 
An alpha level of .05 was used for all analyses. 
Overall Performance. In terms of the letter search task, the target (as defined by the 
search letter) was the correct response on each trial. Both the target and the distractor were 
reported on only .03% of the trials. The target was reported on only 40% of the trials, 
indicating that this was a very difficult task. Examination of the trials in which the target was 
not reported (i.e., trials on which an error was made) revealed that participants reported the 
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distractor on 28% of the trials. On 98% of the trials in which the distractor was reported, the 
participant correctly identified the distractor as the "other" word. Thus, although the report 
of the distractors constituted an incorrect response in terms of the letter search task, it did 
accurately reflect what had been seen in the display. In other words, report of distractors was 
an index of what had been selectively attended on that trial. Given the emphasis on selective 
processing in the current research, both types of report (i.e.. report of targets and report of 
distractors) were included in the analysis as different levels of a variable called target status. 
Following the suggestion of Dark et al. (1996). the analyses were performed separately for 
associates and alternates because they comprise matched but non-equivalent word sets." 
Analysis of Associate Responses. The proportions of associates reponed as a 
fimction of type of prime (related versus unrelated) and target status (target versus distractor ) 
are shown in Figure 2; the nimeric values are given in Appendix B. .An analysis of variance 
(ANOVA) with type of prime and target status as within-subjects variables showed a reliable 
main effect of target stattis, F( 1, 31) = 45.03. MSE = 0.046. indicating higher report of 
associates that were targets (d = 1.19).^ The target status effect reflects the fact that 
participeints were at least somewhat successful at following the task instructions to report the 
target, providing evidence for intentional selectivity in this task. There was a reliable main 
effect of type of prime, F(l, 31) = 53.71, MSE = 0.007, indicating higher report of associates 
following related primes than following ururelated primes (d = 1.30). There also was a Type 
of Prime X Target Status interaction. F(l. 31) = 9.05, MSE = 0.008. One-tailed comparisons 
between the means showed reliable facilitation, or higher report of the associate following 
related than unrelated primes, for both targets and distractors. but, the facilitation effect was 
greater when the associate was the target (d = 1.80) than when it was the distractor (d = .71). 
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Figure 2. Mean proportions reported (with standard error) as a function of type of prime and target status for associates and 
alternates in Experiment 1. 
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Analysis of Alternate Responses. The proportions of alternates reponed as a function 
of type of prime (related versus unrelated) and target status (target versus distractor) are 
shown in Figiu-e 2; the numeric values are given in Appendix B. An ANOVA on report of 
alternates with these two within-subjects variables showed a reliable main effect of target 
status. F(l. 31) = 73.20. MSE = 0.020. indicating higher report of alternates that were targets 
(d = 1.51); this is evidence of intentional selectivity in that participants were attempting to 
follow instructions, so that more targets were selectively attended. There was a reliable 
main effect of type of prime. F(l. 31) = 6.51. MSE = 0.006. indicating inhibition, or a lower 
report of altemates following related primes (d = 0.45). Although the interaction effect was 
not reliable, the inhibition effect was examined when the alternate was the target and when 
the alternate was the distractor: One-tailed comparisons showed reliable inhibition in both 
conditions and the magnitude of the effect was similar for targets (d = 0.54) and distractors (d 
= 0.39). 
Analyses of the response latencies for report of associates and altemates (collapsed 
over all variables except type of prime) showed no evidence of any speed-accuracy trade­
offs; that is, response latencies were faster in the conditions producing higher report."* 
Discussion 
The purpose of Experiment 1 was to examine whether selective attention would be 
influenced by semantic relatedness in the priming-search task. Although semantic selectivity 
had been demonstrated in a difficult word identification task (see Dark & Schmidt 1998; 
Dark et al., 1996), the current question was whether the addition of the letter processing in 
the priming-search task would eliminate semantic selectivity. The facilitation data suggest 
that processing of the search letter does not interfere with or change the nature of prime 
processing in any important way. The results showed that selective attention was influenced 
by semantic relatedness: Report of associates was higher following related primes than 
unrelated primes, demonstrating facilitation, and report of alternates was lower following 
related primes than unrelated primes, demonstrating inhibition. 
Selective attention measured by facilitation also was influenced by intentional 
processes; report of targets was higher than report of distractors for both associates and 
alternates. The higher report of targets than distractors provides evidence that participants 
were trying to do the letter search task, and examination of the data suggests that indeed the 
letter search task was difficult. The semantic facilitation effect and the target status effect 
(the benefit of report of targets over non-targets) combined overadditively suggesting that the 
two effects rely, at least to some degree, on the same processing systems. The data suggest 
that semantic selectivity can be enhanced by the limited capacity, controlled processing that 
is necessary to intentionally select the targets. A similar relationship between intention (task 
instructions) and relatedness also was found by Dark and Schmidt (1998) who observed 
higher report of related words (referred to as associates in the current study) when relatedness 
actually defined the target (i.e., when the task was to report the related word) than when it did 
not. 
The inhibition effect found for report of alternates was independent of the intention to 
do the task, that is, there was no Type of Prime X Target Status interaction. Inhibition also 
was lower in magnitude than facilitation. These results suggest the existence of a type of 
inhibition that may be automatic and dissociable from active, goal-directed forms of 
inhibition described in the literature (see Malley & Strayer, 1995; Tipper & Cranston. 1985). 
Dark et al. (1996) also reported reliable inhibition in some circumstances and they also found 
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that inhibition and facilitation were affected differently by a number of variables. From these 
findings, they argued that facilitation and inhibition must be reflecting different processes. 
Inhibition effects are not predicted by the automatic process point of view; the other two 
views predict inhibition whenever there is facilitation. Inhibition was not found in 
Experiments 2-5. so no view receives strong support from the inhibition results. Further 
research will be needed to examine the mechanism responsible for inhibition. 
Experiment 2 
Dark et al. (1996) argued that because semantic relatedness produced selective 
processing, it is part of selective attention. Experiment 1 demonstrated that semantic 
relatedness produced selective processing in the priming-search task; There was facilitation 
of report of associates and inhibition of report of alternates. The purpose of Experiment 2 
was to investigate the way in which semantic relatedness affects selectivity. Three 
explanations of semantic selectivity were considered: They were the automatic capture, 
capacity-demanding shift, and automatic process explanations. These three explanations 
differ in two important ways. First they differ in the extent to which automatic versus 
limited-capacity processing is involved in semantic selectivity. Second, they differ in the 
extent to which spatial attention is involved in semantic selectivity. 
A key to distinguishing among the three explanations is determining whether or not 
semantic selectivity reflects automatic processes. One widely accepted criterion of 
automaticity is the load-insensitivity criterion, which states that an automatic process is not 
influenced by information load (either sensor>' load or cognitive load). Because the 
automatic capture explanation, the capacity-demanding shift explanation, and the automatic 
process explanation make different predictions (described below) as to the effect of load on 
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semantic selectivity, the priming-search task used in Experiment 1 was modified to include a 
manipulation of information load. 
On each trial, a target letter and then a prime word was presented followed by either a 
two word or four word search display (see Figure 3). The associate-alternate word pair was 
presented on either the vertical axis or the horizontal axis of an imaginary plus sign. In Load 
2 conditions, the axis not occupied by the associate and alternate was empt>': in Load 4 
conditions, the axis not occupied by the associate and alternate contained two filler words. 
As in Experiment I, the participant's task was to name the word beginning with the target 
letter. The target was the associate and the alternate equally often but was never one of the 
filler words. The prime was semantically related to the associate on 50% of the trials. 
Because semantic selectivity does not operate when an unrelated prime is presented, 
all three explanations of semantic selectivity predict that for unrelated trials, regardless of 
whether the associate or the alternate is the target- there will be an effect of load such that 
there is higher report in Load 2 than Load 4. The explanations differ in the pattern of results 
for report of associates and alternates that is predicted for trials in which semantic selectivity 
can operate (viz., when a related prime precedes the search display). According to the 
automatic capture explanation, load should not influence responding to associate targets on 
related trials—^what should be seen first in both loads is the semantically primed associate. 
Because the display parameters employed in the priming-search task are such that on most 
trials only one stimulus from the display can be reported, the automatic capture hypothesis 
predicts relatively high report of associates and relatively low report of alternates, regardless 
of target status, on related trials. The hallmark of the automatic capture explanation is the 
finding that report of associates on related trials does not vary as a flmction of load. The 
xxxxxx 
KXXX ++ xxxxx 
xxxxxx 
doctor 
++ 
nurse 
jail ++ lion 
table 
mask until response 
100 msec search display 
300 msec fixation 
300 msec prime 
750 msec blank 
2000 msec target letter 
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Figure 3. Sequence of displays comprising a related. Load 4, report the associate trial in l^xperiment 2. 
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pattern of results predicted by the automatic capture explanation is an interaction in which 
load affects unrelated but not related trials (see Figure 4. left panel). As a result for associate 
targets, there should be more facilitation in Load 4 than in Load 2. For alternate targets. 
there should be equal inhibition in Load 2 and in Load 4. The inhibition occurs because on 
related trials, spatial attention must be shifted from the location of the associate to some other 
location. The shift is capacity demanding and. therefore, is influenced by load, just as it is 
for unrelated primes. 
According to the capacity-demanding shift explanation, semantic relatedness does not 
capture spatial attention, but it does produce capacity demanding, obligatorv" shifts of spatial 
attention. Because there is less capacity available to produce such shifts of attention in the 
Load 4 condition than in the Load 2 condition, semantic selectivity should decrease as load 
increases. The pattern of results predicted by the capacity-demanding shift explanation (see 
Figure 4, middle panel) is a main effect of load with an interaction between type of prime and 
load both for report of associate targets and for report of alternate targets. Specifically, both 
facilitation in report of the semantically primed associates and inhibition in report of the 
alternates should be lower in Load 4 than in Load 2. In fact, according to a strong version of 
the capacity-demanding shift explanation, the facilitation effect and the inhibition effect 
should be symmetric. 
According to the automatic process explanation, semantic selectivity reflects the fit 
between the information processing system and the information in the environment. When 
there are more sources of information producing activation, as would be the case in the Load 
4 condition relative to the Load 2 condition, there may be competition for control of the 
response such that the response is delayed. Thus, the automatic process view would predict 
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an effect of load on both report of associate targets and report of alternate targets in all 
conditions. Additionally, the report of associate targets when they are semantically primed 
should be higher than when they are not. and alternate targets on related trials should be 
processed in the same way as associates and alternates on unrelated trieils. Because this view 
does not refer to spatial attention, it does not predict a cost, or inhibition, for report of 
alternate targets following related primes. The view predicts that because semantic priming 
afiFects selectivity automatically, the benefit for semantically primed stimuli over unprimed 
stimuli should not vary as a fimction of load. The pattern of results predicted by die 
automatic process explanation (see Figure 4. right panel) is a main effect of type of prime 
and a main effect of load for report of associate targets and a main effect of load only for 
report of alternate targets. No interactions are predicted. 
Method 
Participants. Thirty-two undergraduate students from Iowa State Universitv' (26 
female and 6 male) received e.xtra credit toward their grade in a psychology- course for 
participating in this experiment. All students reported normal or corrected-to-normal vision 
and fluency in English. 
Stimuli and Apparatus. The stimulus words were identical to those used in 
Experiment I with the addition of 48 filler words. Each search display consisted of two 
possible targets, the associate and the alternate. The Load 4 displays included two filler 
words, but these words were never targets. The 48 filler words were selected to have 
characteristics (e.g.. length and frequency) similar to the alternates. Filler words were 
assigned to specific associate-alternate pairs such that neither filler word began with the same 
letter as the associate, the alternate, or the other filler word, and neither filler word was 
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semantically related to any other word in the search display or to the prime. 
There were eight types of trials determined by whether the related prime or the 
unrelated prime was presented (type of prime), by whether the target was the associate or the 
aitemate. and by whether there were two words or foior words in the search display (load). 
The type of trial in which a given associate-alternate pair was presented was completely 
counterbalanced over every eight participants. .Also over participants, the location of the 
associate and the aitemate was counterbalanced such that each word occurred equally often 
above, below, to the left of. and to the right of fixation. 
Stimulus presentation and recording of responses was accomplished just as in 
Experiment 1. 
Procedure. The 96 experimental trials were divided into 12 blocks of eight trials with 
each of the eight combinations of type of prime, target type, and load occurring once per 
block. The order of trials within a block was random for each participant. Within every four 
blocks, the target on each of the eight trial types occurred once in each of the four locations. 
The sequence and timing of displays for a trial are shown in Figxire 3. The associate-
alternate word pair could be presented on either the vertical axis (as in Experiment 1) or the 
horizontal axis of an imaginary plus sign centered at fixation. That is. the associate and the 
aitemate could be presented above and below fixation or they could be presented to the right 
and to the left of fixation. For the Load 2 condition, the locations along the a.xis of the 
imaginary plus (horizontal or vertical) that did not contain the associate-alternate word pair 
were blank, but, for the Load 4 condition, locations along the axis that did not contain the 
associate-alternate word pair contained filler words. The target was either the associate or 
the aitemate on every trial; the target appeared equally often in the four possible locations. 
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The instructions given to the participants also differed slightly from those used in 
Experiment 1 in that participants were instructed to name aloud the target letter when it was 
presented. This change was made to insure that participants were processing the target lener. 
which defined the target in the subsequent search display. Otherwise, there were no changes 
to the instructions: Participants were instructed to read the prime and get ready to report an 
upcoming word begiiming with the target letter. Participants were told that either two or four 
words would be presented in the search display and that they should name as quickly and 
accurately as possible the word beginning with the target letter. Although the target was the 
correct response on each trial, the instructions were designed to legitimize accurate report of 
whatever was seen, regardless of whether it was the target. Participants were instructed to 
to report the target on each trial, but to report any word that was seen in addition to or instead 
of the target and to classify it as an "other" word (i.e., a distractor). 
Results 
An alpha level of .05 was used for all analyses. 
Overall Performance. From the participant's perspective, there was one target and 
one distractor on each trial in the Load 2 conditions and there was one target and three 
distractors on each trial in the Load 4 conditions. This was a difficult task, such that the 
target was reported on only 27% of the trials. Following the rationale described in 
Experiment 1, both report of targets and report of distractors were included in the analyses 
and defined the levels of the variable called target status. However, because only responses 
to the associates and alternates were of interest, report of distractors included only associate 
and alternate distractors; that is, report of filler distractors in Load 4 were excluded from the 
analyses. Overall, associate and alternate distractors were reported on 11% of the trials and 
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they were accurately labeled as the distractor ("other" word) on 99% of the trials. The data 
were analyzed separately for report of associates and report of alternates. 
Analysis of Associate Responses. The proportions of associates reported as a 
function of type of prime (related versus unrelated), target status (target versus distractor). 
and load (2 words versus 4 words) are shown as solid lines in Figure 5; the numeric values 
are given in Appendix B. An ANOVA with those three within-subjects variables showed a 
reliable main effect of target status. F( 1. 31) = 52.38. MSE = 0.048. indicating higher repon 
of associates when the associate was the target (d = 0.90). The effect of target stams suggests 
that participants were attempting to do the task. There also was a reliable main effect of 
load. F(l. 31) = 140.08, MSE = 0.013. indicating higher report of associates in Load 2 than in 
Load 4 (d = 1.48). The two main effects were qualified by a reliable Load X Target Stams 
interaction. F(l, 31) = 30.80, MSE = 0.012. One-tailed comparisons between the means 
revealed a greater effect of load for report of associates when they were targets (d = 2.19) 
than when they were distractors (d = 0.84). 
There was a reliable main effect of type of prime. F(I. 31) = 57.29, MSE = 0.021. 
indicating facilitation, or higher report of associates following related than unrelated primes 
(d = 0.95), and there was a reliable Type of Prime X Target Status interaction. F( 1, 31) = 
11.40, MSE = 0.013, showing more facilitation when the associate was the target (d = 1.42) 
than when it was the distractor (d = 0.68). Type of prime and load did not reliably interact. 
The effect sizes for semantic selectivity were similar at Load 2 (d = 1.19) and at Load 4 (d = 
1.08). 
An analysis of response latencies was inconsistent with any speed-accuracy trade-off 
interpretation of semantic selectivity.^ 
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Analysis of Alternate Responses. The proportions of alternates reported as a function 
of type of prime, target status, and load are shown as dashed lines in Figure 5: the numeric 
values are given in Appendix B. An ANOVA on total report of alternates with these three 
within-subjects variables showed a reliable main effect of target status. F( I. 31) = 37.57. 
MSE = 0.023. indicating higher report of alternates when the alternate was the target (d = 
0.77). This result shows that participants were attempting to do the task. There was a 
reliable main effect of load. F(I, 31) = 48.25. MSE = 0.019. with higher report of alternates 
in Load 2 than Load 4 (d = 0.87). These main effects were qualified by a Load X Target 
Status interaction, F( 1. 31) = 14.88. MSE = 0.013. One-tailed comparisons between the 
means revealed a reliable effect of load for both targets and distractors. but the effect was 
larger for targets (d = 1.38) than for distractors (d = 0.51). Thus, for alternates as for 
associates, the target task was easier at the lower load. 
There was no evidence of inhibition (d = 0.05), that is. there was no reliable 
difference in the level of report of alternates as a function of type of prime: none of the 
interactions involving type of prime were reliable. 
Discussion 
Semantic selectivity in which semantically primed stimuli are reported at a higher rate 
than unprimed stimuli was demonstrated in Experiment 1 (see also. Dark & Schmidt. 1998; 
Dark et al., 1996). The extant literature suggested three possible explanations of semantic 
selectivity; It could be produced via automatic capture, via a capacity-demanding shift, or 
via an automatic process. Two of the explanations, automatic capture and capacity-
demanding shift, were developed within the modal theoretical framework of attention, which 
assumes that selectivity is produced by the movement of an attentional "spotlight" to 
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locations in space. Both of these explanations assume that semantic selectivity reflects a 
shift of spatial attention to semantically primed stimuli: The views differ in terms of how 
that shift is accomplished. The automatic capture hypothesis maintains that when a stimulus 
possessing the characteristic of semantic relatedness is present in the visual field, attention 
will be directed automatically to that location. The capacity-demanding shift hypothesis 
maintains that when a stimulus possessing the characteristic of semantic relatedness is 
present in the visual field, an obligatory but capacity-demanding shift of anention to diat 
location will occur. 
The automatic process explanation was developed within a different theoretical 
perspective. According to this view, selection simply reflects the fact that when there are 
multiple stimuli in the envirormient, some of them receive more processing than others: 
Those that receive more processing (i.e., those that are most active) are attended and dius are 
the ones of which an individual wdll become aware. The automatic process explanation 
maintains that the mechanism that influences what becomes more active (and hence what is 
selected) is priming. According to this view, whatever is already active in the information 
processing system (primed) will influence what becomes more active as a result of 
environmental stimulation (i.e., what is selected). 
In order to distinguish among the three explanations of semantic selectivity, the load-
insensitivity criterion was used to diagnose the automaticity of the semantic facilitation 
effect. Stimulus load was manipulated in the current experiment by increasing the number of 
words presented in the search display. On each trial, either two words or four words were 
presented. The question was whether semantic selectivity would vary as a function of load: 
both the automatic capture and the capacity-demanding shift explanations predicted that it 
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would whereas the automatic process explanation predicted that it would not (see Figure 4). 
The results provided support for the automatic process explanation. There was 
facilitation in report of related associates (both for targets and for distractors) and the level of 
facilitation did not vary as a function of load. There was no evidence of inhibition in report 
of unrelated alternates. Additionally, there was an effect of load in all conditions. 
Although the pattern of load and relatedness results was exactly that predicted by the 
automatic process explanation, which necessarily rules out the other two competing 
explanations, there is one caveat suggested by the data to the conclusion that semantic 
selectivity reflects an automatic process. Specifically, the data showed that the amount of 
facilitation was influenced by intentional processing: The benefit of report of related 
associates over unrelated associates was greater for targets, which were intentionally 
processed, than distractors. Experiment 2 was not designed to test the intentionality criterion, 
however, there was a manipulation of intention inherent in the design: The task was (to 
intend) to report the target. The results showed a relatively large effect of target status, 
suggesting that a participant's intention to process the target did influence selectivity; the 
selectivity likely was produced via a goal-directed attentional mechanism. Support for this 
interpretation of the target status effect comes from the fact that the effect was larger in Load 
2 than Load 4, indicating that the ability to intentionally process the target was influenced by 
capacity limits. The fact that semantic selectivity varied as a function of intention, but not as 
a function of load, suggests that it may be reflecting a partially automatic processes rather 
than a strongly automatic process (cf. Kahneman & Treisman, 1984). 
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Experiment 3 
There was evidence of semantic selectivity (i.e., facilitation in the report of related 
associates) in Experiment 2. The magnitude of the facilitation did not vary as a function of 
load. Because facilitation did not depend on load, selectivity via semantic priming satisfied 
the load-insensitivity criterion of automaticity, providing some suppon for the automatic 
process explanation. There also was evidence that semantic selectivity was influenced by 
intentional processes because it was larger for targets. This suggests that semantic selectivity-
does not meet the strong version of the intentionality criterion of automaticity. Rather, 
semantic selectivity, like spatial selectivity via abrupt-onset targets, may reflect the operation 
of a partially (not strongly) automatic process. 
Experiment 3 provides a flirther test of the extent to which semantic selectivity is 
automatic according to the intentionality criterion by operationalizing the criterion as the 
focused-attention criterion. As described earlier, the focused-attention criterion is the version 
of the intentionality criterion that states that automatic processes are obligatory and they will 
occur even when spatial attention already is engaged in processing prior to their initiation. 
The central cueing paradigm has been used to evaluate the extent to which spatial 
selectivity via abrupt-onsets meets the focused-attention criterion (see Yantis & Jonides, 
1990). In one variant of the cueing paradigm, a central cue that precedes the presentation of 
the target display is used to provide the observer advance information about the probable 
location of the target. When the target occurs in the cued location (a valid cue), it is 
responded to faster/more accurately than when the target occurs at an uncued location (an 
invalid cue). The most widely accepted explanation of the central cueing effect is that it 
reflects intentionally focused spatial attention; that is, spatial attention is voluntarily focused 
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on the location indicated by the cue. When the target location is cued, the target is processed 
first, and when the distractor location is cued, there is a cost in target processing because 
spatial attention must be shifted from the distractor location to the target location (see 
Jonides. 1981; Warner et al.. 1990). The central cueing paradigm allows one to examine 
whether processing at an imcued location occurs even when attention is focused at the cued 
location, and this is diagnostic of automaticity according to the focused-attention criterion. 
Yantis and Jonides (1990) evaluated the automatic capture of spatial anention by 
abrupt-onset stimuli against the focused-attention criterion. Spatial attention was voluntarih 
shifted to a probable target location on the basis of a central cue in advance of the target 
display. The question was whether an abrupt-onset target at another location would 
automatically capture spatial attention under these circumstances: It did not. The results 
suggested that abrupt-onset targets do not cause an automatic shift in spatial attention when 
attention akeady is engaged at another location. That is. abrupt-onsets did not meet the 
focused-attention criterion for automatic capture. 
The priming-search task developed in Experiment 1 was modified in Experiment 3 to 
examine the focused-attention criterion of automaticity for semantic selectivity. On each 
trial, a central cue was presented 150 msec before the search display (see Figure 6). Each 
trial began with the presentation of the target letter, followed by the prime, followed by the 
central cue, followed by the search display. The central cue pointed toward the target on 
75% of the trials and away from the target (toward the distractor) on 25% of the trials. Each 
search display contained only two words (an associate and an alternate), one above and one 
below the central cue. Participants were instructed to use the central cue to focus their 
attention on the cued location in anticipation of the upcoming search display. The 150 msec 
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Figure 6. Sequence of displays comprising a related, uncued, report the alternate trial in l-xperiment 3. 
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central cue was used in order to allow sufficient time to move attention while also 
minimizing the probability of an actual eye movement to the location. 
Although Experiment 2 provided support for the automatic process explanation of 
semantic selectivity, all three explanations (automatic capture, capacity demanding shift, and 
automatic process) also were evaluated against the focused-attention criterion. For all three 
explanations, the prediction about the effect of cueing on unrelated trials was the same: Cued 
targets should be reported, better than uncued targets for both associates and alternates (see 
the dashed lines in each panel of Figure 7). According to both the automatic capture and 
capacity-demanding shift explanations, selectivity is caused by an automatic shift in spatial 
attention. Thus, for selectivity via semantic relatedness to satisfy the focused-attention 
criterion, it must be the case that whenever a semantically primed stimulus occurs in the 
environment spatial attention is directed to it regardless of whether spatial attention already 
was focused at another location. The predictions of the automatic capture explanation about 
the effect of cueing on related trials are shown in the left panel of Figure 7. Because the 
benefit from semantic relatedness is the result of an automatic shift of spatial attention 
toward a semantically related stimulus, semantic relatedness will not produce any benefit for 
cued related associate targets This is because spatial attention already is focused on the 
target. However, uncued related associates will show benefit, relative to uncued unrelated 
associates, because spatial attention will automatically be redirected to them. Thus, the 
pattern of results predicted for associate targets by the automatic capture explanation is an 
interaction in which cueing affects performance on only unrelated trials. Similarly, cued 
related alternate targets will be inhibited relative to the uncued condition because spatial 
attention will be automatically shifted away from the altemate target toward the related 
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associate distractor. Uncued related alternates will not show any inhibition because attention 
is already focused on the other location.*^ 
According to the capacity-demanding shift explanation, selectivity is caused by an 
obligatory shift in spatial attention, but that shift is capacity demanding. Because load is not 
manipulated in Experiment 3. the predictions are basically identical to those made for the 
automatic capture explanation (see Figure 7. middle panel).' There is facilitation only for 
uncued associate targets and inhibition only for cued alternate targets. 
According to the automatic process explanation, semantic selectivity is produced as a 
by-product of priming: Primed stimuli are more active and stimuli that are more active are 
by definition selectively attended. Because semantic priming is the result of an automatic 
process, it occurs independently of where spatial attention is focused. Thus, the predictions 
of the automatic process hypothesis about the effect of cueing on responses to related and 
unrelated targets are identical to those made on the basis of load: If semantic selectivity-
reflects an automatic process, then facilitation for report of related associate targets should be 
equivalent regardless of whether the associate was cued or uncued: no inhibition in report of 
unrelated alternate targets is predicted (see Figure 7. right panel). 
Method 
Participants. Thirty-two students (21 female and 11 male) from the same pool used in 
the previous experiments participated in this experiment. They received course credit for 
their participation. 
Stimuli. The word stimuli were identical to those used in Experiment 1. There were 
eight types of trials determined by whether the prime was related or unrelated, by whether the 
target was cued or uncued, and by whether the target was the associate or the alternate. The 
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type of trial in which a given associate-alternate word pair was presented was completely 
counterbalanced over participants. The location in which the target appeared on a given trial, 
above or below the central cue, was determined randomly on each trial. 
The stimuli were presented using the graphics option with the MEL software.^ The 
word stimuli were presented in a font similar to that used in the previous experiments. The 
central arrow cue was centered at fixation. The central cue was approximately 0.6 cm high 
and 0.5 cm wide. Thus, on the search displays, the tip of the arrowhead was approximately 
0.5 cm away firom the cued stimulus; the base of the arrow was approximately 0.5 cm away 
from the uncued stimulus. 
Procedure. The sequence of displays comprising a trial is depicted in Figure 6. The 
trials were similar to those of Experiment 1, with the main difference being that instead of a 
300 msec fixation display before the search display, a 150 msec central cue preceded the 
search display. The central cue validly indicated the target on 75% of the trials. Participants 
were instructed to use the cue to help locate the target on each trial because it was helpful 
most of the time. 
Results 
An alpha level of .05 was used for all analyses. 
As in Experiment 2, the data were analyzed separately for report of associates and 
report of alternates. The target was reported on 40% of the trials (accurate responses) and the 
distractor was reported on 33% of the trials. Following the rationale presented in Experiment 
1, both report of targets and repon of distractors were included in the analyses as different 
levels of the variable called target status. 
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Analysis of Associate Responses. The proportions of associates reported as a 
function of type of prime (related versus unrelated), target status (target versus distractor). 
and cue status (cued versus uncued) are shown as solid lines in Figure 8; the numeric values 
are given in Appendix B. An ANOVA on report of associates with those three within-
subjects variables showed a reliable main effect of target status. F( 1. 31) = 31.10. MSE = 
0.120. indicating higher report of associates as targets than as distractors (d = 0.71). The data 
suggest that participants were somewhat successful in trying to report the target. The main 
effect of cue status also was reliable. F(l. 31) = 18.25, MSE = 0.060. showing higher report 
of cued associates than uncued associates (d = 0.53). The cueing effect shows that 
participants were able to intentionally use the central arrow cue. The Cue Status X Target 
Type interaction was marginally reliable. F( 1. 31) = 3.91. MSE = 0.021. e = .057. One-tailed 
comparisons between the means showed a reliable effect of cueing both with targets (d = 
0.83) and with distractors (d = 0.47). There was a reliable main effect of type of prime. F( 1. 
31)= II .50. MSE = 0.024, indicating higher report of associates following related primes (d 
= 0.42). The type of prime main effect was qualified by a Type of Prime X Target P/pe 
interaction, F(l, 31) = 10.24, MSE = 0.028. One-tailed comparisons between the means 
revealed a reliable facilitation effect for targets (d = 0.82) but not for distractors (d = 0.01). 
An analysis of the response latencies was generally inconsistent with a speed-
accuracy trade-ofif explanation of the semantic facilitation effect.' 
Analysis of Alternate Responses. The proportions of alternates reported as a function 
of type of prime, target status, and cue status are shown in the dashed lines in Figure 8; the 
numeric values are given in Appendix B. An ANOVA on total report of alternates with those 
three within-subjects variables showed a reliable main effect of target status, F( 1, 31) = 
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30.97. MSE = 0.089. with higher report of targets than distractors (d = 0.69). This effect 
suggests that participants were attempting to do the task. There also was a reliable main 
effect of cue status, F(l. 31) = 28.70, MSE = 0.036, with higher report of cued alternates than 
uncued alternates (d = 0.67). These main effects were qualified by a reliable Cue Status X 
Target Status interaction, F (1.31) = 4.20. MSE = 0.017. One-tailed comparisons between 
the means revealed that the reliable benefit in report of cued alternates over uncued alternates 
was greater for targets (d = 0.98) than distractors (d = 0.57). 
Although the effect of type of prime was not reliable (d = 0.09). the Type of Prime X 
Target Status interaction was reliable, F(l. 31) = 4.33. MSE = 0.011. One-tailed 
comparisons between the means revealed no reliable inhibition of report of related alternate 
targets (d = -0.22), and in fact, the means were in the wrong direction. Although the means 
were in the predicted direction, there also was no reliable inhibition of report of related 
alternate distractors (d = 0.07). 
Discussion 
Experiment 3 was designed to evaluate the semantic facilitation effect against the 
focused-attention criterion of automaticity. The focused-attention criterion states that 
automatic processes are not affected by the pre-focusing of spatial attention: regardless of 
where spatial attention is focused, an automatic process will occur. The priming-search task 
was modified to include a central cue that appeared 200 msec before the search display; the 
cue was to be used by the participants to focus attention at the specified location. The 
question was whether semantic selectivity would vary as a fimction of cueing; both the 
automatic capture and the capacity-demanding shift explanations predicted that it would 
whereas the automatic process explanation predicted that it would not (see Figure 7). 
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The facilitation results provided support for the automatic process explanation 
because semantic selectivity did not depend on cueing. There was facilitation of report of 
related associates that were targets regardless of whether or not they were cued. There was 
no facilitation of report of related associates that were distractors. and this result was 
somewhat anomalous on the basis of the results of Experiment 1. However, given that the 
lack of facilitation for report of associate distractors was not predicted by any of the 
explanations examined here (in fact, none of the explanations made any predictions about 
distractor report), the discussion will focus on target findings. 
As expected on the basis of the extant literature (see Posner. Snyder. & Davidson. 
1980; Yantis & Jonides. 1990), there was a cueing effect m which there was higher report of 
associates and alternates when they were cued than when they were uncued. Panicipants 
were able to use the central arrow cues to enhance processing at the cued location. However, 
the facilitation in ±e report of related associate targets did not vary as a function of cueing. 
These data suggest that the semantic facilitation effect is produced by processing that is 
independent of the processing that leads to the cueing effect; thus, semantic selectivity 
satisfied the focused-attention criterion of automaticity. In other words, as in Experiment 2. 
the results supported the automatic process explanation. 
As in Experiment 2, however, this conclusion must be tempered by the fact that the 
semantic facilitation effect was influenced by intentional processing. There only was 
facilitation for report of related associate targets not for report of related associate distractors. 
suggesting that the participant's intention to process the target did influence selectivity. 
Although the results provide further support for the idea that the semantic facilitation effect 
reflects a partially automatic process, the findings also seem somewhat paradoxical: 
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Semantic selectivity was not influenced by intention, when intention was defined as whether 
or not spatial attention is focused on some other location, and semantic selectivit}' was 
influenced by intention, when intention was defined in terms of task-relevant instructions 
(i.e.. the intent to process the target). The paradox may be reconciled by considering further 
the nature of the two intentional effects. 
Consider the fact that the target status effect and the cueing effect did not compete 
with one another; in fact, there was an overadditive interaction, indicating even higher report 
of cued targets than would be expected on the basis of the two effects separately. Thus, 
intending to process the target enhanced the cueing effect just as it enhanced the semantic 
facilitation effect. The existing literature suggests that the cueing effect reflects the 
movement of spatial attention to the cued location. In fact, the central cues allow spatial 
attention to begin to shift (to the cued location) before the presentation of the search display. 
Target status also can have an effect on processing of the target, but not by moving spatial 
attention. The target status effect might reflect something like letter priming. In a sense, 
processing of the target letter might produce activation of representations beginning with the 
target letter; thus, the system might be primed to pick-up stimuli that match the current 
activation. The point is that the two (dissociable) intentional effects reflected in the data may 
reflect the processing of two attention mechanisms: one spatial mechanism and one priming 
mechanism. This possibility will be discussed further in the General Conclusions section. 
Experiment 4 
Taken together the results of Experiments 2 and 3 provide converging support for a 
version of the automatic process explanation in which semantic selectivity is produced by a 
partially automatic process. Additionally, the results ruled out two competing explanations: 
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the automatic capture and the capacity-demanding shift explanations. Under the perceptually 
difficult conditions employed in both experiments, there was facilitation of the report of 
semantically primed associates (i.e., there was semantic selectivity) and the amount of 
facilitation did not vary as a fimction of load, a variable that affects limited capacit>-
processing, or as a function of cueing, a variable that affects the focus of spatial attention. 
Semantic selectivity was defined in terms of level of reportability in Experiments 1-3; 
that is, the dependent variable was proportion reported. The purpose of Experiments 4 and 5 
was to examine the generalizability of the findings with reportability to a situation in which 
selectivity is operationally defined in terms of speed of responding. The overarching purpose 
of the current research was to examine the nature of semantic selectivity and to compare it to 
the selectivity produced by variables, like abrupt-onset, that affect spatial attention. 
Therefore, it was necessary to examine semantic selectivity imder conditions more similar to 
those comprising the bulk of the spatial attention literature. A limited review of the spatial 
attention literature revealed that stimuli often are presented and remain in flill view until a 
response is made. Thus, selectivity in such tasks is measured via response latency. 
hi Experiment 4. the priming-search task used in Experiment 2 was modified so that 
there were no data-limitations in the search displays. Load 2 and Load 4 search displays 
were presented until a response was made and the displays were not backward masked. The 
task instructions were sin:iilar to those in Experiment 2 in that participants were to name 
aloud the target defined by the search letter at the beginning of each trial, however, 
participants were expected to perform the letter search with near ceiling accuracy (i.e., they 
were expected to actually report the target on each trial). The variable of interest in the 
current experiment was response latency rather than accuracy, or reportability. 
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Experiment 4 was designed to evaluate semantic selectivity under non-data-limited 
display condition against the load-insensitivity criterion of automaticity. The questions were 
I) whether there would be evidence of semantic selectivity, with facilitation of response 
latency for semantically primed stimuli, and 2) whether the level of facilitation would depend 
upon information load. The answer to the second question is diagnostic of the automatic 
capture, the capacity-demanding shift, and the automatic process explanations of semantic 
selectivity. The predictions made by each of these hypotheses were the same as those 
described in Experiment 2 and depicted in Figure 4, with "good" performance defined by 
lower response latencies: Facilitation of report of related associates would be evidenced by 
shorter response latencies on related than unrelated trials and inhibition of report of unrelated 
alternates would be evidenced by longer response latencies on related than unrelated trials. 
Method 
Participants. Thirty-two students fi-om the same pool used in the previous 
experiments (26 female and 6 male) participated for course credit. 
Stimuli. The word stimuli were identical to those used in Experiments 2. 
Procedure. The structure of a trial in Experiment 4 mirrored that of Experiment 2 
(see Figure 3) with this exception; Search displays were presented until a response was 
made, and the masking display was not presented. The responses on each trial were to say 
aloud the target letter, to silently read the prime, and then to report the target in the search 
display. The instructions were similar to those of Experiment 2 except that accurate report of 
the target was emphasized; that is, report of distractors was not legitimized as it had been in 
Experiment 2. 
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Results 
An alpha level of .05 was used for all analyses. 
Accuracy was defined in terms of the letter search, and the display parameters 
allowed participants to actually report the target on ahnost every trial. Because distractors 
were reported infrequently, on only 2% of the trials overall, the data were analyzed only for 
report of targets. As in the previous experiments, the data were analyzed separately for 
report of associates and report of alternates. 
Analvsis of Associate Responses. Mean response latencies for accurately reponed 
associate targets are shown as solid lines in Figure 9 as a fimction of type of prime (related 
versxas unrelated) and load (2 words versus 4 words); the numeric values are given in 
Appendix B. Participants were accurate on approximately 99% of the trials. 
An ANOVA with type of prime and load as within-subjects variables showed a 
reliable main effect of load, F(l, 31) = 170.76, MSE = 6058, indicating shorter response 
latencies in Load 2 than in Load 4 (d = 2.31). There also was a reliable main effect of type of 
prime. F(l. 31) = 6.29. MSE = 2682, indicating facilitation, or shorter response latencies to 
associate targets preceded by related primes than by unrelated primes (d = 0.44). The 
interaction was not reliable, suggesting that the amount of facilitation did not depend upon 
the information load. One-tailed comparisons between the means revealed that there was 
reliable facilitation at both loads, but the effect sizes suggested somewhat more facilitation in 
Load 2 (d = 0.59) than Load 4 (d = 0.27). 
Analvsis of Altemate Responses. Mean response latencies for accurately reported 
alternate targets are shown as dashed lines in Figure 9 as a function of type of prime and 
load; the numeric values are given in Appendix B. Participants were accurate on 
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approximately 97% of the trials. 
An ANOVA with type of prime and load as within-subjects variables showed only a 
reliable main effect of load, F(l, 31) = 189.76, MSE = 5728. indicating shorter response 
latencies in Load 2 than in Load 4 (d = 2.45). Neither the effect of type of prime (d = 0.08) 
nor the interaction were reliable. One-tailed comparisons between the means revealed no 
evidence of inhibition in the presence of a related prime either for Load 2 (d = -0.07) or for 
Load 4 (d = -0.24). and. in fact, the means were in the opposite direction. 
Discussion 
The first purpose of Experiment 4 was to determine whether semantic selectivity-
would obtain under the non-data-limited conditions representative of search tasks used in the 
spatial attention literature. A modified version of the priming-search task was used in which 
either two words or four words were presented until a response was made; response latency 
was the variable of interest. The data showed evidence of semantic selectivity: There was 
facilitation of report of related associates. 
The second purpose of Experiment 4 was to evaluate the nature of semantic 
selectivity under these non-data-limited conditions. The semantic facilitation effect was 
evaluated against the load-insensitivity criterion in order to distinguish among the three 
competing explanations of semantic selectivity: automatic capture, capacity-demanding 
shift, and automatic process. The data were most consistent with the automatic process 
hypothesis. 
Both the automatic capture and the capacity-demanding shift explanations predicted 
an interaction between load and relatedness (type of prime) for report of associates. No 
reliable interaction was found, thus, both of those explanations could be rejected. The 
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automatic process explanation predicted no interaction; that is. to the extent that semantic 
selectivity reflects the operation of automatic processes the facilitation of repon of related 
associates should not depend on load. Thus, the data supported the automatic process 
explanation of semantic selectivity. 
Although there was no reliable interaction involving load and relatedness for report of 
associates, there was a tendency for more facilitation in Load 2 than in Load 4. The pattern 
suggests that at higher loads (e.g., load 6) the facilitation might not be reliable. While on the 
surface, the tendency for a decreasing semantic facilitation effect with increasing load might 
seem to go against the automatic process explanation, a more thorough consideration of the 
situation from the perspective of the semantic priming literature leads to a different 
conclusion. At relatively short prime-target display SO As (like those used here), the 
mechanism assumed to be responsible for semantic priming in a naming task is automatic 
spreading activation (see McNamara, 1992; Neely, 1990). In automatic spreading activation, 
processing of the prime causes a spread of activation from the mental representation of the 
prime to other semantically related concepts, causing them to become partially active. Two 
of the key characteristics of spreading activation are that it dissipates with time (Collins & 
Loftus, 1975; Meyer & Schvaneveldt 1976) and intervening items (Ratcliff & McKoon. 
1978; see also Neely, 1990). 
Considered in the context of the priming-search task used in Experiment 4. the 
following possibility emerges. Suppose that because of the emphasis on accuracy, the task is 
accomplished via a serial search in which spatial attention is directed (voluntarily) from one 
stimulus to the next until the target is found. There is no evidence that semantic selectivity 
operates through spatial attention, therefore, on related trials in which the associate is the 
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target the associate should be the first, second, third, or fourth word to be processed by 
spatial attention equally often (because it occurs in ail four location equally often). Thus, on 
all but 25% of the trials, there is processing of another stimulus intervening between the 
processing of the prime and the processing of the related associate. The semantic priming 
literature suggests that this should eliminate the semantic facilitation effect. 
•Another factor working against semantic selectivity at higher loads is the time 
between the processing of the prime and the related associate. It is possible that spreading 
activation operates as efficiently in Load 4 as in Load 2 (i.e.. the associate is activated 
equally regardless of load) but because it takes longer on average for the serial search to 
reach the target, the activation has dissipated. Thus, there is less facilitation in Load 4 than in 
Load 2 and there would be even less at higher loads. Examination of the response latencies 
in the current data show that they are consistent with this possibility: Response latencies 
were roughly 200 msec longer in Load 4 than Load 2. 
Following the logic of additive factors (Sternberg, 1975). the additive effects of load 
and semantic relatedness indicate that the capacity-limited stage of processing responsible for 
the effect of load is separate from the stage of processing that produces semantic selectivity. 
The results provide support for the hypothesis that there are at least two types of attention. 
Experiment 5 
Because semantic selectivity was found in Experiment 4, the effect seems to 
generalize to non-data-limited conditions. The results of Experiment 4 were consistent with 
the automatic process explanation of semantic selectivity and inconsistent with both the 
automatic capture and the capacity-demanding shift explanations. The purpose of 
Experiment 5 was to evaluate semantic selectivity against the focused-attention criterion of 
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automaticity under non-data-limited conditions. 
In Experiment 5, the priming-search task used in Experiment 3 was modified: The 
search displays, which occurred 200 msec after the central cue, were presented until a 
response was made and the displays were not backward masked. The task instructions were 
similar to those in Experiment 3 in that participants were to name aloud the target defined by 
the search letter. Participants were expected to perform the task with near ceiling accuracy 
so the variable of interest was response latency. 
The question was whether the level of facilitation of report of related associates 
would depend upon where spatial attention was focused. The automatic capture, the 
capacity-demanding shift and the automatic process explanations made different predictions 
as to the effect of central cueing on semantic selectivity. The predictions made by each of 
these explanations were the same as those described in Experiment 3 and depicted in Figture 
7. with "good" performance defined by lower response latencies. Facilitation of report of 
related associates would be evidenced by shorter response latencies on related than unrelated 
trials and inhibition of report of unrelated alternates would be evidenced by longer response 
latencies on related than unrelated trials. 
Method 
Participants. Thirty-two students from the same pool used in the previous 
experiments (25 female and 7 male) participated in this experiment in return for course 
credit. 
Stimuli. The word stimuli were identical to those used in Experiments 3. 
Procedure. The structure of a trial in Experiment 5 mirrored that of Experiment 3 
(see Figure 6) with this exception: Search displays were presented until a response was 
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made, and the masking display was not presented. The responses on each trial were to say 
aloud the target letter, to silently read the prime, and then to report the target in the search 
display. The instructions were similar to those of Experiment 3 except that accurate report of 
the target was emphasized; that is. report of distractors was not legitimized as it had been in 
Experiment 3. 
Results 
An alpha level of .05 was used for all analyses. 
Accuracy, which was defined in terms of the letter search, was 99%. Because the 
task emphasized acciurate report of the target, only accurate target response latencies were 
included in the analyses. As in the previous experiments, the data were analyzed separately 
for report of associates and report of alternates. 
Report of Associates. Mean response latencies for accurately reported associate 
targets are shown as solid lines in Figure 10 as a function of type of prime (related versus 
unrelated) and cue status (cued versus uncued); the numeric values are given in Appendix B. 
Participants were accurate on more than 98% of the trials. 
An ANOVA with type of prime and cue status as within-subjects variables showed a 
reliable main effect of cue status, F(U 31) = 38.59. MSE = 205.343. indicating a cueing 
effect in which response latencies were shorter for cued than for uncued associate targets (d = 
1.10). There also was a reliable main effect of type of prime, F( 1, 31) = 12.46. MSE = 
27,059. indicating facilitation, or shorter response latencies to associate targets preceded by 
related primes (d = 0.62). The interaction was not reliable. One-tailed comparisons between 
the means revealed that there were similar levels of reliable facilitation for cued related 
targets (d = 0.42) and for uncued related targets (d = 0.68). 
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Report of Alternates. Mean response latencies for accurately reported alternate 
targets are shown as dashed lines in Figure 10 as a fimction of type of prime and cue status; 
the numeric values are given in Appendix B. Participants were accurate on more than 97% 
of the trials. 
An ANOVA with type of prime and cue status as within-subjects variables showed 
only a reliable main effect of cueing, F( 1. 31) = 42.60. MSE = 5578.5. indicating shorter 
response latencies to cued than to uncued alternate targets (d = 1.15). Neither the main effect 
of type of prime (d = 0.02) nor the interaction were reliable. There was no evidence of any 
inhibition either for cued (d = -. 17) or for uncued targets (d = 0.14). 
Discussion 
The results of Experiment 5 provided further support of the automatic process 
explanation of semantic selectivity: There was reliable facilitation of report of related 
associates that did not vary as a function of cue status. The fact that there was no interaction 
between relatedness (type of prime) and cue status (cued or uncued) for report of associates 
supported the automatic process explanation. The lack of an interaction for report of 
associates and the fact that there was no inhibition of report of alternates on related trials 
rules out both the automatic capture and the capacity-demanding shift explanations. 
Following the logic of additive factors (Sternberg, 1975), the additive effects of 
cueing and semantic relatedness indicate that the capacity-limited stage of processing 
responsible for the effect of cueing is separate from the stage of processing that produces 
semantic selectivity. The data suggest that semantic priming operates independently of 
spatial attention. The results provide further support for the hypothesis that there are at least 
two types of attention. 
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GENERAL CONCLUSIONS 
The automatic capture, capacity-demanding shift, and the automatic process 
explanations of how semantic selectivity might operate were considered in Experiments 2-5. 
In general, the results supported the automatic process explanation: Semantic selectivity 
seems to reflect a partially automatic process; it does not appear to capture spatial attention 
and does not appear to produce obligatory but capacity demanding shifts of spatial attention, 
hi fact when juxtaposed with the extant literature examining stimulus-driven shifts of spatial 
attention, the data provide evidence for a fLinctional dissociation between semantic selectiviu' 
and spatial selectivity. 
Summarv of Experiments 1-5 
In order to examine the nature of semantic selectivity, it was necessary- to develop a 
new task. A priming-search task was developed in which participants reported the word in a 
briefly presented backward masked search display that began with the target letter. Each trial 
began with the presentation of the search letter, followed by the presentation of a single 
context prime that either was or was not related to the associate in the subsequent search 
display (see Figure 1). Experiment 1 was conducted in order to provide an existence proof 
for semantic selectivity in the priming-search task. Semantic selectivity was demonstrated: 
There was facilitation of report of related associates and there was inhibition of report of 
unrelated alternates. The semantic facilitation effect was stronger for targets than for 
distractors. 
Experiment 1 was the only experiment in this series in which reliable inhibition of 
report of unrelated alternates was found, suggesting that inhibition is not a byproduct of the 
processes that produce facilitation. Dark et al. (1996) also found inhibition m some 
73 
situations but not in others, however, neither their data nor the current data provide an 
explanation of when inhibition is expected. Further research will be needed to examine the 
variables that affect inhibition. 
Because semantic selectivity was obtained in Experiment 1 using the priming-search 
task, the task was employed in fiirther studies designed to examine the nature of selectivit>-
via semantic priming. An extant question in the attention literature is whether shifts of 
attention are produced by voluntary, capacity-demanding processes or whether they are 
produced by automatic processes. The basic research questions addressed in Experiments 2-
5 were whether and how semantic selectivity operates automatically. Three explanations of 
how semantic selectivitv- might operate automatically were described: the automatic capture, 
capacity-demanding shift, and automatic process explanations (see Figures 3 and 6). To 
evaluate these possibilities the load-insensitivity-criterion and the focused-attention criterion 
(a version of the intentionality criterion) were examined. 
The number of words presented on the search displays was varied in Experiment 2 in 
order to evaltiate the load-insensitivity criterion. The data supported the automatic process 
explanation. For unrelated trials, there was higher report of both associates and alternates in 
Load 2 than in Load 4. For related trials, there was facilitation of report of related associates 
and the effect was larger for report of targets than for report of distractors: No inhibition of 
report of alternates was found. The level of facilitation did not vary as a function of load; 
thus, the semantic facilitation effect satisfied the load-insensitivity criterion of automaticity. 
Pre-focusing of spatial attention was manipulated in Experiment 3 by varying 
whether a central cue, which preceded the search display by 150 msec, indicated the target (a 
valid cue) or the distractor (an invalid cue). This central cue was valid on 75% of the trials. 
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As in Experiment 2. the data supported the automatic process explanation. For unrelated 
trials, there was higher report of cued than uncued associates and alternates. For related trials 
in which the target was reported, there was facilitation of report of related associates and the 
level of facilitation did not depend upon cueing; there was no inhibition of report of 
alternates on related trials. The fact that the semantic facilitation effect did not depend on 
cueing satisfied the focused-attention criterion of automaticity. providing some evidence that 
semantic selectivity satisfies the intentionality criterion. 
The data from Experiments 2 and 3 suggested that semantic selectivity is produced 
via automatic processes because it did not vary as a flmction of variables associated with 
limited-capacity processing. However, a caveat to this conclusion was pointed out; Across 
Experiments 1-3, the semantic facilitation effect was larger for targets than distractors. 
Because targets are defined experimentally as the word that begins with the search letter, the 
benefit of report of targets over report of distractors likely reflects the voluntary, goal-
directed component of attention. Therefore, the fact that the level of facilitation found in 
Experiments 2 and 3 depended on this intentional process suggested that semantic selectivity 
may reflect a partially automatic process in that semantic selectivity is observed without the 
intentional process but it can be enhanced by it (cf. Kahneman & Treisman, 1984). 
Both the semantic facilitation effects and the intention effects found in Experiments 
1-3 can be handled by the automatic process explanation of semantic selectivity. According 
to this view, processing of a related prime causes activation to spread fi-om the mental 
representation of the prime to related concepts; presumably, this causes the associate to 
become partially active. Because of the related prime context, the associate "fits" with the 
state of the system when the search display is presented. A similar account of selectivity due 
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to intention can be developed. Because of the task instructions, the system is set (primed) to 
pick up stimuli that match the search letter: thus, the target "fits" the state of the system too. 
When these two influences work together, i.e.. when the associate is more active due to 
priming and due to the fact that it is the target, perception is even better than would be 
expected on the basis of each type of priming alone. 
The overadditive relationship between intention (task instructions) and relatedness 
also was found by Dark and Schmidt (1998) who observed higher report of related words 
(referred to as associates in the current study) when relatedness defined the target and higher 
report of related words that were cued when cueing defined targets. In the current research, 
the load effect and the cueing effect also were larger for targets than distractors. indicating 
that they too benefited fi"om intentional processing. Taken together, the data suggest that 
intention is yet another variable that needs to be accounted for in the explanation of selective 
attention (see Dark & Schmidt, 1998; Dark et al., 1996). 
In Experiment 4, the automaticity of semantic selectivity was evaluated against the 
load-insensitivity criterion under conditions that were not data-limited. The priming-search 
task was modified such that search displays were presented until a response was made and 
the search displays were not backward masked. The display parameters were such that 
participants could see every item in the display; thus, the target was selected on most trials. 
The response latency data mirrored the accuracy data of Experiment 2; thus, the data from 
Experiment 4 supported the automatic process explanation. For the unrelated trials, response 
latencies were shorter in Load 2 than in Load 4 for both associates and alternates. For related 
trials, response latencies also were shorter for report of associates and alternates in Load 2 
than in Load 4. More diagnostic, however, was the finding that there was facilitation in the 
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responses to related associates compared to unrelated associates and the finding that the level 
of facilitation did not vary as a fimction of load. 
In Experiment 5, the automaticity of semantic selectivity was evaluated against the 
focused-attention criterion under non-data-limited conditions. The priming-search task 
developed in Experiment 4 was modified such that on each trial, spatial attention was 
directed to a probable target location with a central arrow cue that was valid on 75% of the 
trials. The data supported the automatic process explanation. There was an effect of cueing 
on report of associates and alternates, with shorter response latencies for cued than uncued 
words, for both related and unrelated trials. There also was facilitation of report of related 
associates; the level of facilitation did not depend on cue status (cued versus uncued). The 
results of Experiments 4 and 5 demonstrated that semantic selectivity effects generalize to a 
response latency measure. 
A consistent pattern of results in which semantic selectivity was unaffected by 
manipulations designed to affect spatial attention, specifically load and pre-focusing, was 
observed across the experiments. The general conclusion from these results is that semantic 
selectivity reflects a partially automatic process that does not depend on spatial attention. 
Further, semantic selectivity can be observed under both data-limited and under non-data-
limited conditions, both when reportability and when response latency are measured, 
suggesting that it reflects a basic component of selective attention. By the logic of additive 
factors, the data support an interpretation in which spatial selectivity, which is reflected in the 
load and cueing effects, and semantic selectivity, which is reflected in the semantic 
facilitation effect, reflect the operation of two separate attention systems (Sternberg, 1975). 
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Varieties of Attention 
Behavioral Evidence 
McCann, Folk, and Johnston (1992) were interested in the spatial attention 
requirements of word processing. They used a lexical decision task and manipulated spatial 
attention by presenting a peripheral cue 100 msec before target onset. The cue was valid on 
80% of the trials. Targets came from one of three classes defined in terms of their 
familiarity: nonwords. low frequency words, and high frequency words. The results were 
consistent with the pattem of results reported here: There was an effect of cueing and an 
effect of stimulus-frequency, however, the two effects did not interact. 
Although the point was not made by McCann et al. (1992), their results demonstrated 
both spatial selectivity and semantic selectivity. The stimulus-frequency effect reported by 
McCann et al. and the semantic facilitation effect reported in the current research are not 
isomorphic, however, both can be explained by the automatic process explanation. As 
conceptualized previously, the automatic process explanation suggests that recent processing 
biases the information processing system such that stimuli that match the current state are 
more active and therefore are selected into consciousness. The previous discussion of this 
view focused on semantic priming as one way to influence the "match," however, it need not 
be the only way. In contrast to selectivity via semantic priming, which reflects the impact of 
recent processing on current activation, selectivity via stimulus frequency might best be 
described as the impact of past processing on the architecture of the information processing 
system. Specifically, the stimulus-frequency effect might reflect a permanent bias (not 
produced by temporary activation) of the information processing system to "pick up" familiar 
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(well-stored) information. 
The additive effects of cueing and stimulxis frequency reported by McCann et al. 
(1992) can be contrasted with findings that suggest that the stimulus frequency effect is 
influenced by attention. Using a dual-task paradigm, Herdman (1992) examined 
performance on an auditory probe task. In the two dual-task conditions, participants 
performed the auditory probe task plus one of two word processing tasks: either a lexical 
decision task or a naming task. Performance on the probe task was lower in both dual-task 
conditions relative to the single-task condition, suggesting that the tasks were anentionally 
demanding. The degree of impairment on the probe task varied as a ftmction of stimulus 
frequency, with less impairment for high frequency words. The results suggested that the 
effect of stimulus frequency is influenced by the attentional resources available. The data 
seemed to be in direct conflict with those reported by McCann et al. (1992) in which the 
effects of stimulus frequency and cueing were additive. As pointed out by McCann et al.. 
however, the results can be reconciled by considering the possibility that the cueing 
manipulation and the dual-task manipulation operate on different attentional systems: one 
tied to spatial location and one tied to language (see also, J. C. Johnston. McCaim. & 
Remington, 1995). 
The proposal of different kinds of attention is very much a part of the current 
weltanschung in cognitive psychology. A distinction has been made 1) between input 
attention and central attention (J. C. Johnston et al., 1995), 2) between spatial attention and 
semantic attention (Dark et al., 1996; W. A. Johnston & Dark, 1986), 3) between spatial 
attention and central attention (McCann et al., 1992), 4) between top-down selection and 
bottom-up selection (Desimone & Duncan, 1995), and 5) between the posterior attention 
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system (PAS) and the anterior attention system (AAS) (Carr. 1992: Posner. 1992; Posner. 
Inhoff. Friedrich. & Cohen. 1987; Posner & Petersen. 1990). Although there are differences 
among these distinctions. Posner's distinction between the PAS and the AAS captures the 
general spirit of them all. Additionally, although several of the distinctions above are based 
purely on behavioral data. Posner's PAS and AAS are based on both behavioral and 
neurological evidence. Thus, the distinction between the PAS and the AA.S is described 
below. 
Neuropsychological Evidence 
PAS. Posner (1992; see also Posner & Petersen. 1990) provided a summary of the 
characteristics of the PAS and the AAS as well as the neuropsychological data supporting the 
distinction. According to Posner and Petersen (1990), the PAS is made up of posterior 
parietal lobe, the pulvinar nucleus of the thalamus, and the superior colliculus (midbrain). 
The three brain areas comprising the PAS are thought to carry out three component processes 
that produce shifts of spatial attention: disengaging from one processing location, moving to 
a new location, and engaging in processing at the new location (Carr. 1992). 
Evidence that the superior colliculus is involved with the movement of spatial 
attention comes from patients with supranuclear palsy, a condition characterized by 
degeneration of the superior colliculus, who show difficulty moving attention from one 
location to another (particularly difficult are vertical movements) (Banich, 1997). The 
pulvinar has been implicated in the engagement of attention at a particular location, as well 
as the filtering of information from the "xmattended" locations. Positron emission 
tomography (PET) scans have shown increased blood flow to the pulvinar during filtering 
tasks (Banich, 1997). For example, PET scans showed increased involvement of the pulvinar 
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when participants responded to a target letter surrounded by distracting letters relative to 
when the target letter was presented alone, suggesting that the pulvinar was involved in 
engaging attention on the target and filtering out the distractors. Further, patients with 
damage to the thalamus have difficulty responding to targets that appear contralateral to the 
damaged hemisphere, regardless of whether they have been validly or invalidly cued to that 
location. 
Several lines of evidence suggest parietal lobe involvement in spatial attention in 
general, and its involvement in the disengagement of spatial attention specifically. General 
involvement of the parietal regions in selective attention comes firom PET smdies showing 
increased cerebral blood flow to the parietal lobe (and the pulvinar) during cueing tasks, 
which are assimied to reqtiire spatial attention (Posner et al.. 1987). More specific evidence 
of the role of the parietal lobe in the disengaging of attention comes from patients with 
parietal lobe damage, particularly right-hemisphere parietal damage, who demonstrate 
hemineglect, a syndrome characterized by the patient's inattention to the side of space 
contralateral to the damage (i.e.. the left visual field). Not only do patients with hemineglect 
fail to process stimuli in the environment that appear in the neglected visual field, but they 
also appear to neglect the half of mental images that represent stimuli that would fall in the 
neglected half-field in the environment, suggesting that hemineglect does not reflect a 
sensory deficit. In cueing tasks, patients with hemineglect show difficulty in responding 
when they are invalidly cued to the non-neglected visual field and must disengage from the 
cue in order to respond to the target that is presented in the neglected visual field (Posner. 
Walker, Friedrich, & Rafal, 1984). 
The fact that the behavioral implications of hemineglect can be moderated by 
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attention factors provides further support for the role of the parietal lobe in selective 
attention. For example, in a cancellation task in which the task is to cross out all of the 
stimuli that are presented in an array, patients with hemineglect typically cross out primarily 
those stimuli in the right visual field, failing to cross out the stimuli in the left visual field. 
However, a change in the task suggests that the deficit may be a result of the patients 
inability to disengage attention from the non-neglected field: When patients are ask to erase 
the stimuli rather than cross them out. they first attend to and erase the stimuli in the non-
neglected field (right) but then begin to erase the stimuli in the neglected field (left) (Banich, 
1997). Taken together, the data converge on the idea that the superior colliculus. the 
pulvinar. and the parietal lobe perform the functions of a spatial orienting attentional network 
(i.e.. die PAS; for a review see Posner & Petersen. 1990). 
AAS. The AAS consists of the anterior cingulate gyrus and the surrounding 
supplementary motor cortex as well as the frontal lobe (Carr. 1992; Posner. 1992). The data 
suggest that the AAS acts as the processing executive producing selectivity on the basis of 
meaning rather than on the basis of spatial location. The cingulate has been implicated in the 
selection of responses (Banich. 1997). For example, the cingulate becomes more active 
when a novel response to a stimulus is required (e.g., responding "L" to "A" rather than "'B" 
to "A"). The cingulate gyrus also shows substantial activation in the conflict condition of the 
Stroop task (Pardo, Pardo, Janer, & Raichle, 1990). Both tasks are designed to examine the 
difficulty of selection of responses rather than selection of stimuli in the environment. 
Additionally, PET studies have shown enhanced blood flow to the cingulate when a linguistic 
target is detected relative to the when a linguistic distractor is presented (described in Posner. 
1992), providing further evidence of the role of the cingulate in the selection of responses. 
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The frontal regions also seem to be involved in the voluntary' movement of spatial attention, 
providing evidence for selectivity based on meaning as a primary fimction of the AAS. 
These findings link the AAS to processes involved in the selection of responses (see also 
Corbetta, Miezin. Dobmeyen Shulman, & Petersen, 1990). Additionally, a suggestive 
finding is the fact that the AAS is interconnected with areas of the hippocampus and 
temporal lobe (assumed to be involved in short-term and long-term memorv'. respectively), 
and with the PAS: the fact that the frontal regions can influence spatial selectivity suggests 
some overlap between the AAS and PAS. 
Are Two Svstems Reallv Needed? 
As described previously, the priming-based selection mechanism associated with the 
automatic process explanation can handle both semantic selectivity and intentional selectivity 
(via task instructions), and the fact that they interacted in the current research. Intentional 
selectivity also interacted with the manipulations of spatial selectivity (viz., load and cueing). 
Perhaps all three types of selectivity can be explained by a single, parsimonious priming 
mechanism. The priming explanation might handle the cueing effect by positing a kind of 
location priming whereby the information processing system is biased to process whatever 
occurs at a "primed" location in space (Posner & Snyder. 1975a, 1975b). Cueing might 
produce location priming (Tepin & Dark, 1992). 
Although a priming mechanism can handle all three types of selectivity described, a 
single mechanism does not seem to be responsible. The current data showed that spatial 
selectivity and semantic selectivity operate differently and are not influenced by the same 
variables. The fact that semantic selectivity does not depend spatial attention coupled with 
the neuropsychological data already described suggest that spatial selectivity and semantic 
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selectivity' may reflect separate attentional sj'stems (both of which could operate via a 
priming mechanism). To the extent that one of these systems is tied to spatial location while 
the other is tied to language (see Carr, 1992), the priming-search task developed in this 
dissertation may provide a good way to study these varieties of attention. 
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APPENDIX A. STIMULUS SET 
Related Unrelated Associates Alternates Related Unrelated Associates Alternates 
Primes Primes Primes Primes 
courage column bravery scorn teacher theater smdent butler 
grain grant wheat antidote frown found smile parn-
king kite queen moment year yard month restrain 
planet piano earth huge thunder thimble storm edge 
quiet quest silence bonnet teller tendon banker oats 
different determine similar thought tme talk false single 
atom acne molecule ideal store slice market dent 
sill sack window lead small stand large writer 
front floor back getaway whisper warfare shout book 
motel marsh hotel recent muffler minister exhaust wrath 
forget finish remember opinion police pride officer quest 
drink detail beverage remarks love lack hate banister 
nightmare necessity dream cunning straight sequence crooked depth 
wemess welfare moistiu« octane mischief message trouble farewell 
bitter beauty sweet meeting hurt horn injun. monoton\ 
universe utilities galaxy nutmeg niece nerve nephew grudges 
sea sock ocean dilemma iceberg imager% glacier orbit 
ship step vessel hang eas\- end hard voltage 
griddle greeting skillet address new now old receive 
drv' dig wet hurrah nail neck hammer wake 
disgrace discount shame minute technique testament method station 
reality rapidly fantasy since hydrogen hypnosis oxygen mutation 
disguise delivery costume sprinkle charisma category charm focus 
slow- site fast shoulder Join jump separate fate 
strong school weak boulder listen larger speak waltz 
gymnast gondola acrobat make left list right horse 
cadaver conduit corpse once talent tamale ability- shudder 
wages watch salary next train truce railroad stairs 
smart shine dumb tone fat fog thin skirt 
gift golf present valley stop send start program 
outlaw object bandit cycle add area subtract catcher 
life le^ death product prose plain poetry moderate 
speaker shelter lecturer spend road ruby street lucifer 
Jail Jack prison i^lete attack annual assault porch 
loud lone soft income baby body infant clerk 
liberty library freedom rate day down night penny 
car cot vehicle guard lawn lion grass virtue 
open offer shut cork town toil village sing 
rose robe flower price ugly unify pretty blister 
pianist pastime musician lady cry cite laugh friend 
exciting equation boring spend calamity carnival disaster system 
auditory analysis hearing escort few feel many harbor 
tapioca tangent pudding county forward feature reverse shot 
lust look passion com poor page rich figures 
cold class hot kitten teapot teeth kettle drug 
religion renegade church stream rock rest stone child 
smooth studio rough collar clear cause cloudy survey 
envy etch Jealousy hut mother modem father door 
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APPENDIX B. TABLES B1-B5 WITH NnJMERIC VALUES FOR THE RESULTS OF 
THE FIVE EXPERIMENTS 
Table Bl. Mean Proportions (with Standard Errors) of Reported Associates and 
Alternates as a Function of Target Status and Tvpe of Prime for Experiment I. Figure 2. 
Targets 
Tvpe of Prime M SE 
Distractors 
M SE 
Associates 
Alternates 
Related 
Related 
Unrelated 
.566 .022 
Um-elated .408 .018 
.367 .018 
.406 .023 
.263 .034 
.200 .030 
.159 .024 
.187 .026 
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Table B2. Mean Proportions (with Standard Errors) of Reported Associates and Alternates 
as a Function of Target Status. Load, and Type of Prime for Experiment 2. Figure 4. 
Load 2 Load 4 
Targets Distractors Targets Distractors 
Type of Prime M SE M SE M SE M SE 
Associates 
Related .546 .031 .243 .034 .305 .031 .125 .018 
Unrelated .365 .034 .130 .044 .117 .019 .052 .013 
Alternates 
Related .289 .031 .099 .040 .107 .016 .047 .014 
Unrelated .284 .031 .130 .037 .120 .018 .055 .017 
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Table B3. Mean Proportions (with Standard Errors) of Reported Associates and Alternates 
as a Function of Target Status. Cue Status, and Tvpe of Prime for Experiment 3. Fiaixre 6. 
Cued Uncued 
Targets Distractors Targets Distractors 
Type of Prime M SE M SE M SE M SE 
Associates 
Related .662 .034 .336 .030 .516 .044 .225 .030 
Unrelated .549 .031 .321 .035 .363 .042 .242 .035 
Alternates 
Related .538 .026 .273 .029 .377 .030 .171 .029 
Unrelated .496 .033 .278 .028 .336 .037 .194 .028 
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Table B4. Mean Latency in msec (with Standard Errors) of Reponed Associates and 
Alternates as a Function of Load and Type of Prime for Experiment 4. Figure 7. 
Load 2 
Type of Prime M SE 
Load 4 
M SE 
Associates 
Alternates 
Related 
Related 
696 2L7 
Unrelated 727 21.4 
743 19.3 
Unrelated 739 19.4 
884 25.6 
898 20.3 
918 22.6 
932 22.8 
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Table B5. Mean Latency in msec (with Standard Errors) of Reported Associates and 
Alternates as a Function of Cue Status and Tvpe of Prime for Experiment 5. Figure 8. 
Cued 
Tvpe of Prime M SE 
Uncued 
M SE 
Associates 
Alternates 
Related 
Related 
675 22.2 
Unrelated 697 22.5 
701 20.8 
Unrelated 713 23.8 
748 
784 
799 
789 
19.5 
24.4 
22.0 
30.1 
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NOTES 
'Jonides (1981) performed a cost/benefit analysis on target response latency for trials 
in which the target was either validly or invalidly cued by an arrowhead presented in the 
periphery (a peripheral cue): He plotted the difference between responses to cued and 
uncued targets as a function of load (specifically memory load) and found a relatively flat 
curve. He reasoned that because the ejfect of peripheral cueing did not vary as a function of 
load, peripheral cues operated automatically by the load-insensitivity criterion. Jonides 
concluded that peripheral cues automatically capture spatial attention. This conclusion is 
called into question when one considers what is implied by the term "capture" as applied to 
the control of spatial attention. Capture implies immediate, obligatory, priority processing 
(cf. Yantis & Jonides, 1988). Jonides' data for peripheral cues may not demonstrate 
attentional capture in this sense. 
Jonides (1981) showed that the difference in response latency to invalidly and validly 
cued targets did not vary as a ftmction of load. On invalidly cued trials, spatial attention 
should be directed to the cued location first; when the stimulus there is rejected because it is 
not the target, a serial search should ensue—this search requires capacity; as memory load 
increases the amount of capacity left to carry out the search decreases. Thus, there should be 
an effect of load for invalidly cued targets. To the extent that the curve for invalidly cued 
targets is an increasing function of load, the flat curve for the difference between invalid and 
valid cues constrains the shape of the ftmction for valid trials: The curve for validly cued 
targets must increase at roughly the same rate as the invalid curve. The fact that load 
probably affected responses on valid trials suggesting that the direction of spatial attention 
via the peripheral cues requires capacity but that the effect of the cues is obligatory and 
91 
automatic. 
"Small effects of word set with higher report of associates under baseline conditions 
were found by Dark et al. (1996) and in the current research, suggesting that the word sets 
are not perfectly matched. 
"Cohen's effect size measure, d. (Cohen. 1988) is reported for each effect, d is a 
measure of the magnitude of an effect in standard deviation units. As interpretation 
guidelines. Cohen suggested that effects between 0.20 and 0.49 (inclusive) be considered 
small, that effects between 0.50 and 0.79 (inclusive) be considered medium, and that effects 
greater than or equal to 0.80 be considered large. Within this dissertation, whenever an effect 
size reflects a one-tailed comparison, a positive value means that the effect is in the predicted 
direction and a negative value means that the effect is not in the predicted direction. Thus, 
both inhibition and facilitation, when they are predicted and obtained, will be represented 
with positive values of d. 
•*Mean response latencies were computed for report of associates and report of 
alternates as a function of type of prime (collapsed over target status). The mean response 
latency for related associates was 932 msec (SD = 308), for unrelated associates was 990 
msec (SD = 309), for related alternates was 1251 msec (SD = 1079). and for unrelated 
alternates was 1105 msec (SD = 656). 
^The mean response latency (collapsed over target status and load) for related 
associates was 1090 msec (SD = 245), and for unrelated associates was 1182 msec (SD = 
281). 
^It is possible that there could be some cost associated with this condition because of 
a delay of disengagement of spatial attention from a related stimulus (Stolz, 1996). 
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^As depicted in Figxire 7, neither the automatic capture nor the capacity-demanding 
shift explanation predict a cost for uncued related associates. In fact, there should be some 
cost according to the capacity-demanding shift explanation because when the related 
associate is uncued, some capacity will be required to shift attention to the related stimulus. 
^Timing of stimulus presentation using the MEL software is less precise when the 
graphics option is used; thus, the display parameters reported are approximated. 
^The mean response latency (collapsed over target status and cue status) for related 
associates was 753 msec (SD = 213), and for unrelated associates was 880 msec (SD = 367) 
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